(19) 




Euro^^Ves Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



lift 

EP 1 070 765 A1 




(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

24.01.2001 Bulletin 2001/04 

(21) Application number: 99912060.3 

(22) Date of filing: 31.03.1999 



(51) IntCI. 7 : C23C 2/00 

(86) International application number: 
PCT/JP99/01664 

(87) International publication number: 

WO 99/51789 (14.10.1999 Gazette 1999/41) 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 01.04.1998 J P 8876498 
01.04.1998 JP 8876598 
01.04.1998 JP 8876698 
17.07.1998 JP 20251498 
25.09.1998 JP 27077698 
28.09:1998 JP 27345398 
02.12.1998 JP 34257998 

(71) Applicant: NKK CORPORATION 
Tokyo 100-0005 (JP) 

(72) Inventors: 

• ISHII, Toshio, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• ISHIOKA, Munehiro, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• NOMURA, Syu-ji, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• OHSAKl, Yasunori, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• HATAKEYAMA, Seishi, 
NKK Corporation 

Tofcyo 100=0005 (JP)- 

• AKASHl, Kentaro, 
NKK Corporation 
Tokyo 100-0005 (JP) 



• NAGAYAMA, Ryuji, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• HARADA, Kozo, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• MIYAKAWA, Yoichi, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• KUNIOKA, Kazuo, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• ARAKI, Kenji, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• ISHIDA, Nobuyuki, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• YAMASHITA, Keishi, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• KUWANA, Teruhisa, 
NKK Corporation 
Tokyo 100-0005 (JP) 

• UESUGl, Motoi, 
NKK Corporation 
Tokyo 100-0005 (JP) 

(74) Representative: HOFFMANN - EITLE 
Patent^und Rechtsanwalte 

Arabellastrasse 4 

81925 Munchen (DE) 



HOT DIP ZINCING METHOD AND DEVICE THEREFOR 



< 

in 

CD 

h- 
o 



CL 
LU 



(54) 

(57) The method for hot dip galvanizing comprises 
the steps of: dividing a plating vessel holding a molten 
metal into a plating tank and a dross removing tank; 
conducting hot dip galvanizing to a steel strip by 
immersing thereof in the molten metal bath; then trans- 
ferring the molten metal bath from the plating tank to the 
dross removing tank; removing a dross from the molten 
metal bath in the dross removing tank; and recycling the 
molten metal bath from the dross removing tank to the 



plating tank through an opening located on the plating 
tank. The apparatus for galvanizing comprises a plating 
tank, a dross removing tank, a means to transfer the 
molten metal bath from the plating tank to the dross 
removing tank, and an opening located on the plating 
tank to recycle the molten metal bath from the dross 
removing tank to the plating tank. 
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EP 1 070 765 A1 

Description 



Field of the Invention 



5 [0001] The present invention relates to a method for hot-dip galvanizing and an apparatus therefor. 



Background of the Invention 



[0002] Generation of surface defects on hot dip galvanized steel strip caused by dross is one of the most senous 
10 problems on the hot-dip galvanized steel strip. Dross is an intermetallic compound such as FeZn 7 generated from the 
reaction between iron and zinc which are eluted from the steel strip in a plating tank holding a zinc-base molten metal, 
and the dross has spherical equivalent diameters of from 5 to 300 microns. In a stagnant state of the molten metal in 
the plating tank, the dross deposits on the bottom of the plating tank. 

[0003] However, with a natural convection of the molten metal, generated from the traveling steel strip, from the 
15 rotation of immersed rolls in the tank, or from the dissolved zinc-base ingot that supplies the consumed metal brought 
out along with the steel strip, the molten metal in the plating tank is agitated. As a result, the dross having less difference 
in specific gravity from the molten metal cannot deposit on the bottom of tank, or the once-deposited dross is stirred up 
to adhere the plated steel strip, thus causing the surface defects of the hot-dip galvanized steel strip. 
[0004] To remove the dross, many proposals have been made. They include a method to sediment the dross by dis- 
20 charging the hot dip zinc bath to outside the plating tank, and a method to filter the hot dip zinc bath. 

[0005] Nevertheless, those conventionally proposed methods are not brought into practical use. The reason is that 
these proposed technologies fail in practical application because of many problems in the complex mechanism, the 
durability, and the operability of commercial facilities, though they are reasonable in theory. 

[0006] Regarding the methods for sedimentation separation of the dross, which have been proposed, the design 
25 emphasizes not to solidify the molten zinc during the transfer to outside the tank, and the design should take into 
account of the leak accident of molten zinc from the transfer piping. Consequently, the facilities increase the investment 
cost, which makes the facilities unrealistic ones. 

[0007] As for the method to filter the dross, there appears a significant difference in the size of intermetallic com- 
pounds which can be filtered between the initial period of filtration and the point of degraded filtering performance after 
30 clogging the filter unit. As a result, the intermetallic compounds that cause the quality degradation cannot be efficiently 
and stably removed. Furthermore, on replacing a filter of the filter unit, dismounting and mounting the filter need an 
additional device that functions in the molten zinc bath, which also needs extra cost as in the case of molten zinc trans- 
fer. This also makes the facilities unrealistic ones. 

[0008] In recent years, there have been proposed methods of direct removal of bottom dross immediately after the 
35 generation thereof, which methods stand on different point of view from the conventional methods. Typical examples of 
the methods are disclosed in JP-A-4-154948, (the term "JP-A" referred herein signifies "the Japanese Patent Laid- 
Open No."), (hereinafter referred to as the "Prior Art 1"), JP-A-8-3707, (hereinafter referred to as the "Prior Art 2"), and 
JP-A-7-268587, (hereinafter referred to as the "Prior Art 3"). 

[0009] The Prior Art 1 discloses a method to remove dross in a sedimentation tank installed separately from the 

40 plating tank. The characteristics of the method are that the plating tank is designed to decrease the distance between 
the steel strip and the tank bottom to prevent the sedimentation of the dross, that the transfer of the molten zinc from 
the plating tank to the sedimentation tank is conducted through a shallow flow passage to let the top dross of the plating 
tank flow into the sedimentation tank, and that the transfer of the molten zinc from the sedimentation tank to the plating 
tank is done by a pump. . _____ 

~45 [0010] The Prior Art 2 is characterized in that a flow passage to circulate the molten metal is established by placing 
a separation plate near an inner wall of the plating tank, that a circulation unit is mounted in the above-described flow 
passage to circulate the molten metal, that a heating device is mounted at inlet of the above-described flow passage to 
heat the molten metal to increase the size of dross to enhance the sedimentation of the dross, and that a dross recovery 
unit is located adjacent to the exit of the above-described flow passage to recover the sedimented dross. 

so [0011] The Prior Art 3 is characterized in that a plating tank having a circular bottom to plating the metal strip and 
a sedimentation tank to sediment and deposit the bottom dross generated in the plating bath are installed, that a con- 
nection hole is opened at near a side wall of the plating tank to let the molten metal for plating freely enter and leave 
between the plating bath tank and the sedimentation tank, thus the molten metal containing the dross is discharged to 
the sedimentation tank using the flow accompanied with the traveling steel strip to separate and sediment the bottom 

55 dross in the sedimentation tank where the flow rate is slow, and to recycle the molten metal after removed the dross to 
the plating tank. 

[0012] According to the Prior Art 1, the suction opening for the molten zinc in the sedimentation tank has to be 
located at significantly below the bath level, so that the molten zinc containing sedimenting dross is sucked to the open- 
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ing and transferred to the plating tank. In addition, since the transfer of the molten zinc from the sedimentation tank to 
the plating tank is conducted by a pump, a large amount of dross is generated in the plating tank which has a discharge 
opening. That is, the effect of sedimenting and removing the dross is not sufficient, and an additional problem of gen- 
eration of top dross occurs. 

5 [0013] Since the capacity of the sedimentation tank increases and since the problem of solidification and leak of 
molten zinc during the transfer of molten zinc between the plating and the distant sedimentation tank has not been 
solved, a problem of increasing investment cost and operation cost arises. 

[0014] According to the Prior Art 2, the capacity of flow passage should be small as seen in an embodiment 
described later, so that the effect of sedimenting and removing the large amount of dross generated In the plating tank 
10 is not sufficient. Furthermore, the dross sediments and deposits in the flow passage to reduce the capacity of the flow 
passage, which increases the flow speed of the molten zinc. As a result, necessary sedimenting time cannot be 
secured, thus degrading the removal efficiency of the dross. In addition, the dross deposited in the narrow flow passage 
is not easily removed. 

[0015] According to the Prior Art 3, since the molten zinc is discharged from the plating tank to the sedimentation 
15 tank using the flow accompanied with the traveling steel strip, the discharge flow rate cannot be controlled. Therefore, 
the dross in the plating tank cannot be fully discharged to the sedimentation tank, which raises a problem of accumula- 
tion and growth of the dross in the plating tank. 

[0016] The Prior Art 1 and the Prior Art 3 consider only the flow of molten zinc bath in the cross sectional plane to 
the direction of traveling steel strip in the plating tank. Fig 5 and Fig. 6 show schematic drawings of the distribution sta- 
20 tus of the dross deposited in the plating tank, which are derived from a water model and commercial plant data by the 
inventors of the present invention. Fig. 5 is a drawing viewed from cross sectional plane to the direction of traveling steel 
strip in the plating facility. Fig. 6 is a drawing viewed in A-A cross section of Fig. 5. In both drawings, the reference 
number 2 is a sink roll, and the reference number 8 is the dross. 

[0017] As seen in Figs. 5 and 6, the dross 8 deposits at the edge portion of the axial direction of the sink roll 2 and 
25 at the front and rear sides of the rotational direction thereof. That is, the flow pattern of the molten zinc between the sink 
roll and the inner wall surfaces of the plating tank is not a simple one which is represented by one-side cross sectional 
plane to the direction of traveling steel strip but complex flow in three-dimensional patterns. In many cases, the dross 
deposits at low flow speed portions of the molten metal, which can be seen in Figs. 5 and 6. Consequently, it is evident 
that solely limiting the distance between the steel strip and the tank bottom in the cross sectional plane to the direction 
30 of traveling steel strip only changes the place of dross deposition, and the means cannot substantially solve the prob- 
lem. 

[0018] Therefore, the above-described Prior Arts fail to prevent the deposition of dross generating during the proc- 
ess of hot hip zinc-base plating and fail to efficiently remove the generated dross. 

[001 9] In the plating tank, the molten metal is consumed by brought out from the plating tank carried by the traveling 
35 steel strip. Normally, the make up of the consumed molten metal is done by directly dissolving a solid metal in the plat- 
ing tank. In addition, it is necessary to control the temperature of the molten metal in the plating tank to a specified level. 
Ordinary plating tank is provided with an induction-heating device to dissolve the solid metal for plating and to control 
the temperature of the molten metal to a specified level even when the operating conditions vary. 
[0020] The inventors of the present invention found that the directly dissolving a solid metal for plating in the plating 
40 tank varies the bath temperature in the plating tank, thus significantly enhances the generation and growth of the dross. 
Furthermore, the inventors found that the high temperature molten metal ejected from the induction-heating device 
directly contacts the steel strip entering the plating tank, which increases the elution of iron from the steel strip to 
increase the dross generation. The phenomenon becomes significant in smaller capacity of the plating tank. 
[0021] To prevent deposition of dross in the plating tank and to efficiently remove the generated dross, it is essential 
"45 to reduce the volume of generating dross considering the above-described findings. To this point, the above-described 
Prior Literatures lack the consideration on that point of view. 

Disclosure of the Invention 

so [0022] It is an object of the present invention to provide a method for plating, which method prevents deposition of 
dross generated during hot-dip galvanizing in a plating tank and which method efficiently removes the generated dross, 
and to provide an apparatus thereof. 

[0023] To achieve the object, firstly, the present invention provides a method for hot-dip galvanizing, which com- 
prises the steps of: 



55 



dividing a plating vessel which holds a molten metal into a plating tank located at upper portion thereof and a dross 
removing tank located beneath the plating tank; 

conducting hot-dip galvanizing by immersing a steel strip in a molten metal bath in the plating tank; 
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transferring the molten metal bath from the plating tank to the dross removing tank; 
removing dross from the molten metal bath in the dross removing tank; and 

recycling the molten metal bath from the dross removing tank to the plating tank through an opening on the plating 
tank. 

5 

[0024] The method for hot-dip galvanizing preferably further comprises the step of dissolving a solid phase metal 
being used for plating in the dross removing tank. 

[0025] The step of transferring the molten metal bath to the dross removing tank preferably comprises the transfer- 
ring the molten metal bath from the plating tank to the dross removing tank using a mechanical pump. The step of trans- 
it) ferring the molten metal bath to the dross removing tank preferably comprises the transferring the molten metal bath 
from the plating tank to the dross removing tank by sucking up thereof at bottom center portion of the plating tank. 
[0026] The step of recycling the molten metal bath to the plating tank preferably comprises the returning the molten 
metal bath containing a supernatant after removed the dross to the plating tank through an opening of the plating tank. 
The step of recycling the molten metal bath to the plating tank preferably comprises the returning the molten metal bath 
15 from the dross removing tank to the plating tank through a side wall of the plating tank, which side wall is located at exit 
side of the steel strip and has a height lower than the surface level of the molten metal bath. 

[0027] The plating tank and the dross removing tank preferably satisfy the relation of W1 s 10 m 3 and W1 s W2, ( 
W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing tank ), and the flow rate of molten 
metal bath being transferred from the plating tank to the dross removing tank is in a range of from 1 to 10 m 3 /hour. 
20 [0028] The step of conducting the hot dip galvanizing is preferably performed in an arrangement that side walls and 
bottom portion wall are allotted so as the distance between the steel strip and the side walls of the plating tank and 
between the steel strip and the bottom portion wall of the plating tank is in a range of from 200 to 500 mm. 
[0029] Secondly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 

25 a plating vessel which holds a molten metal; 

a plating tank which is located at upper portion of the plating vessel and conducts the hot-dip galvanizing by 
immersing a steel strip thereinto; 

a dross removing tank which is located at lower portion of the plating vessel and which removes dross from the mol- 
ten metal; 

30 a transfer means which transfers a molten metal bath in the plating tank to the dross removing tank; and 

an opening positioned on the plating tank to recycle the molten metal bath from the dross removing tank to the plat- 
ing tank. 

[0030] The transfer means is preferably a mechanical pump. The suction opening of the mechanical pump to suck 
35 the molten metal is positioned at bottom center portion of the plating tank. 

[0031] The apparatus for hot-dip galvanizing preferably further comprises a dissolving means to dissolve a solid 
phase metal being used for plating in the dross removing tank. 

[0032] The opening is preferably positioned so as the supernatant bath after removed the dross in the dross remov- 
ing tank to be able to recycle to the plating tank. 
40 [0033] The plating tank may have a side wall which is located at exit side of the steel strip and which has a height 
lower than the surface level of the molten metal bath, and wherein the molten metal bath is recycled from the dross 
removing tank to the plating tank through the side wall. 

[0034] The plating tank and dross removing tank preferably satisfy the relation of W1 s 10 m 3 and W1 s W2, ( W1 
is the capacity of the plating tank, and W2 is the capacity of the dross removing tank ) , and wherein the mechanical 

45 pump is able to transfer the molten metal bath at a flow rate in a range of from 1 to 10 m 3 /hour. 

[0035] The plating tank preferably has side walls and bottom portion wall, and these walls are preferably allotted so 
as the distance between the steel strip and the side wall of the plating tank and between the steel strip and the bottom 
portion wall of the plating tank is in a range of from 200 to 500 mm. The plating tank preferably has a pipe to fix the 
bottom portion, through which pipe the draining is conducted. 

so [0036] Thirdly, the present invention provides a method for hot-dip galvanizing, which comprises the steps of: 

locating a separation wall inside of a plating tank which holds a molten metal to divide the plating tank into a plating 
zone where a steel strip is subjected to hot-dip plating, and a dross removing zone where dross in a molten metal 
bath is removed; 
55 plating the steel strip in the plating zone; 

transferring the molten metal bath in the plating zone to the dross removing zone; 
removing the dross from the molten metal bath in the dross removing zone; and 

recycling a supernatant bath after removed the dross in the dross removing zone by locating a weir on the separa- 



5 



EP 1 070 765 A1 



tion wait. 

[0037] The step of transferring the molten metal bath to the dross removing zone preferably comprises the trans- 
ferring the molten metal bath from the plating zone to the dross removing zone using a mechanical pump. 
5 [0038] The method for hot-dip galvanizing preferably further comprises a heating device in the dross removing zone 
to conduct heating control so as the temperature of the molten metal bath in the plating zone to become a predeter- 
mined level. 

[0039] The plating zone preferably has a molten metal bath capacity of W1, and the dross removing zone has a 
molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 
10 [0040] Fourthly, the prevent invention provides a method for hot-dip galvanizing, which comprises the steps of: 

arranging a separation wall inside of a plating tank which holds a molten metal to divide the plating tank into a plat- 
ing zone where a steel strip is subjected to hot-dip plating, a first dross removing zone and a second dross remov- 
ing zone, where a dross in a molten metal bath is removed in the first dross removing zone and the second dross 
15 removing zone; 

mounting a first mechanical pump.to transfer the molten metal bath from the plating zone to the first dross removing 
zone and locating a weir to recycle the molten metal bath to the plating zone; 

mounting a second mechanical pump to transfer the molten metal bath from the plating zone to the second dross 
removing zone and locating a weir to recycle the molten metal bath to the plating zone; 
20 plating the steel strip in the plating zone; 

removing the dross by transferring the molten metal bath from the plating zone to the first dross removing zone 
using the first mechanical pump; and 

discharging the dross deposited in the second dross removing zone to outside the plating tank by stopping the 
mechanical pump in the second dross removing zone. 

25 

[0041] Fifthly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 
a plating tank which holds a molten metal; 

a separation wall located in the plating tank to divide the plating tank into a plating zone where a steel strip is sub- 
30 jected to hot-dip plating, and a dross removing zone where dross from a molten metal bath is removed; 

a mechanical pump which transfers the molten metal bath from the plating zone to the dross removing zone; and 
a weir located to the separation wall to transfer a supernatant bath of the molten metal bath after removed the dross 
in the dross removing zone to the plating zone. 

35 [0042] The apparatus for hot-dip galvanizing preferably further comprises a heating device which is located in the 
dross removing zone and which controls the temperature of molten metal bath by heating thereof. 
[0043] The plating zone preferably has a molten metal bath capacity of W1, and the dross removing zone has a 
molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 
[0044] Sixthly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 

40 

a plating tank which holds a molten metal; 

a separation wall located in the plating tank to divide the plating tank into a plating zone where a steel strip is sub- 
jected to hot-dip plating, and a dross removing zone where dross in the molten metal bath is removed; 

the dross removing zone comprising a first dross removing zone and a second dross removing zone; 

45 a first mechanical pump which transfers the molten metal bath from the plating zone to the first dross removing 
zone; 

a second mechanical pump which transfers the molten metal bath from the plating zone to the second dross remov- 
ing zone; 

a first weir located to the separation wall to transfer a supernatant bath of the molten metal bath after removed the 
so dross in the first dross removing zone to the plating zone; and 

a second weir located to the separation plate to transfer a supernatant bath of the molten metal bath after removed 
the dross in the second dross removing zone to the plating zone. 

[0045] Seventhly, the present invention provides a method for hot-dip galvanizing, which comprises the steps of: 

55 

arranging a separation wall inside of a plating tank which holds a molten metal to divide the plating tank into a plat- 
ing zone where a steel strip is subjected to hot-dip plating, and a dross removing zone where dross in a molten 
metal bath is removed; 
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continuously plating the steel strip in the plating zone using a sink roll; 

transferring the molten metal bath above the sink roll in the plating zone to the dross removing zone using a 
mechanical pump; 

removing the dross from the molten metal bath in the dross removing zone; and 
5 recycling a supernatant bath after removed the dross in the dross removing zone to the plating zone via a weir 

located on the separation wall. 

[0046] The method for hot-dip galvanizing preferably further comprises a step of locating a heating device in the 
dross removing zone to conduct heating control so as the temperature of the molten metal bath in the plating zone to 
10 become a predetermined level. 

[0047] The plating zone preferably has a molten metal bath capacity of W1, and the dross removing zone has a 
molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 

[0048] Eighthly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 



15 a plating tank which holds a molten metal; 

a sink roll which makes a steel strip immerse in and travel through the molten metal; 

a separation wall located in the plating tank to divide the plating tank into a plating zone where the steel strip is sub- 
jected to hot-dip plating, and a dross removing zone where dross in the molten metal bath is removed; 
a mechanical pump which transfers the molten metal bath above a sink roll in the plating zone to the dross remov- 
20 ing zone; and 

a weir located on the separation wall to transfer a supernatant bath of the molten metal bath after removed the 
dross in the dross removing zone to the plating zone. 

[0049] The apparatus for hot-dip galvanizing preferably further comprises a heating device which is located in the 
25 dross removing zone and which controls the temperature of the molten metal bath by heating thereof. 

[0050] The plating zone preferably has a molten metal bath capacity of W1, and the dross removing zone has a 
molten metal bath capacity of W2, wherein W1 A/V2 is in a range of from 0.2 to 5. 

[0051] Ninthly, the present invention provides a method for hot-dip galvanizing, which comprises the steps of: 

30 locating a sink roll which guides a steel strip traveled through a snout into a plating vessel which holds a molten 
metal; 

separating the plating vessel into a plating zone and a dross removing zone by locating a plating tank so as to cover 
the sink roll, and by locating a shielding member to shield a gap formed between a lower portion of the snout 
beneath the steel strip and an upper portion of the plating tank; 
35 conducting hot-dip galvanizing by immersing the steel strip in the plating zone; 

removing dross from a molten metal bath in the plating zone by discharging the molten metal bath from the plating 

zone to the dross removing zone using a mechanical pump; and 

recycling the molten metal bath from the dross removing zone to the plating zone. 

40 [0052] The plating tank is preferably located so as the upper end of the plating tank to become higher than the level 
of a rotary shaft of the sink roll. 
" [0053] Tenthly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 

a snout throu g h which a steel strip travels ; . 

45 a plating vessel which holds a molten metal, which plating vessel has a sink roll to guide the steel strip traveled 
through the snout; 

a plating zone to conduct hot-dip galvanizing by immersing the steel strip thereinto and a dross removing zone to 
remove dross from a molten metal bath, which zones are formed by locating a shielding member to shield a gap 
formed between a lower portion of the snout beneath the steel strip and an upper portion of a side wall of the plating 
so tank; and 

a mechanical pump to discharge the molten metal bath from the plating zone to the dross removing zone and also 
to recycle the molten metal bath from the dross removing zone to the plating zone. 

[0054] The plating tank is preferably located so as the upper end of the plating tank to become higher than the level 
55 of a rotary shaft of the sink roll. 

[0055] Eleventhly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 

a plating bath tank which holds a hot-dip galvanizing bath containing aluminum at contents of 0.05 wt.% or more; 
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a snout through which a steel strip immersed in the plating bath tank travels; 

a plating tank which conducts plating and a dross removing tank which separates dross by sedimenting the dross, 
both of which tanks are formed by locating a separation wall in the plating bath tank; 

a snout cleaning device to connect the plating tank and the dross removing tank at directly below the snout and at 
a part of exit of the steel strip so as a connecting passage to have 0.1 meter or more hydraulic diameter defined by 
a formula given below and so as the bath levels of both tanks to become equal to each other, to suck the plating 
bath in the snout by a pump from both longitudinal edges of the snout to discharge the sucked bath to a portion 
where no steel strip travels, thus cleaning the plating bath surface in the snout, and to circulate the plating bath 
between the plating tank and the dross removing tank; wherein the hydraulic diameter is defined as 



10 



Hydraulic diameter = {(Cross sectional area of flow passage)/ (Wet length of flow passage)} x 4. 

[0056] The capacity of the plating tank is preferably not more than 10 m 3 , and the capacity of the dross removing 
tank is not more than 10 m 3 . 

15 [0057] Twelfthly, the present invention provides a method for hot-dip galvanizing, which comprises the steps of: 



locating a separation wall in a plating bath tank which holds a hot-dip galvanizing bath containing aluminum in an 
amount of 0.05 wt.% or more to divide the plating bath tank into a plating tank which conducts plating and a dross 
removing tank which dissolves an ingot and which separates dross by sedimenting thereof; 

20 connecting the plating tank and the dross removing tank at directly below the snout and at a part of exit of the steel 
strip so as a connecting passage to have 0.1 meter or more hydraulic diameter defined by a formula given below 
and so as the bath levels of both tanks to become equal to each other, and sucking the plating bath in the snout by 
a pump from both longitudinal edges of the snout to discharge the sucked bath to a portion where no steel strip 
travels, thus cleaning the plating bath surface in the snout and circulating the plating bath between the plating tank 

25 and the dross removing tank, wherein the hydraulic diameter is defined as 

Hydraulic diameter = {(Cross sectional area of flow passage)/ (Wet length of flow passage)} x 4. 

[0058] The capacity of the plating tank is preferably 1 0 m 3 or less, the capacity of the dross removing tank is 1 0 m 3 
30 or more, the circulation flow rate of the plating bath between the plating tank and the dross removing tank is between 
0.5 and 5 m 3 /hour. 

[0059] Thirteenthly, the present invention provides an apparatus for hot-dip galvanizing, which comprises: 

a molten zinc tank which holds a molten zinc and has a heating means for heating the molten zinc; 
35 a sink roll which is immersed in the molten zinc in the molten zinc tank and around which a steel strip is wound; 

a vessel which holds the sink roll therein and comprises side panels and a bottom panel, while opening the upper 
end thereof; 

whereby hot-dip galvanizing is performed to a continuously fed steel plate in the molten zinc tank. 

40 [0060] The heating means of the molten zinc tank preferably conducts coreless induction heating. 

[0061] The vessel preferably keeps gaps of from 200 to 500 mm between the vessel walls and the steel strip 
traveling through the vessel, the sink roll, and a jig to fix the sink roll. 

[0062] The apparatus for hot-dip galvanizing further comprises a cover which substantially covers the lower surface 
of the steel strip bein g immersed in the molten zinc in the molten zinc tank until the steel strip reaches the vessel. 
45 [0063] The vessel preferably has a curved face at joints of the side plates and the bottom plate. 

[0064] The vessel preferably has a discharge opening at the bottom thereof to discharge the molten zinc, through 
which discharge opening the molten zinc is forcefully discharged into the molten zinc tank. 

[0065] Fourteenthly, the present invention provides a method for hot-dip galvanizing, which comprises the steps of: 

so dividing a plating vessel which holds a molten metal into a dross removing tank and a plating tank which is located 
in the dross removing tank; 

conducting hot-dip galvanizing by immersing a steel strip in a molten metal bath in the plating tank; 
transferring the molten metal bath from the plating tank to the dross removing tank using a mechanical pump and 
using a flow accompanied with the traveling steel strip appeared at a first opening; 
55 removing a dross from the molten metal bath in the dross removing tank; and 

recycling the molten metal bath from the dross removing tank to the plating tank via a second opening located on 
• the plating tank. 



8 



EP 1 070 765 A1 

[0066] The plating tank preferably keeps gaps of from 200 to 500 mm between the walls of plating tank and the 
steel strip, and between the walls of plating tank and the sink roll in the bath, and wherein the plating tank and the dross 
removing tank preferably satisfy the relation of W1 s 10 m 3 and W1 £ W2, (W1 is the capacity of the plating tank, and 
W2 is the capacity of the dross removing tank), and the flow rate of molten metal bath being transferred from the plating 
5 tank to the dross removing tank is preferably In a range of from 1 to 10 m 3 /h. 

[0067] Fifteenthly, the present invention is to provide an apparatus for hot-dip galvanizing, which comprises: 

a plating vessel which holds a molten metal, wherein the plating vessel comprises a dross removing tank which 
removes dross from the molten metal, and a plating tank which is located in the dross removing tank and which 

10 conducts hot-dip galvanizing to a steel strip; 

a transfer means which transfers a molten metal bath from the plating tank to the dross removing tank; 

a first opening which is located at the plating tank and functions to transfer the molten metal bath from the plating 

tank to the dross removing tank using a flow accompanied with the traveling steel strip; and 

a second opening which is located at the plating tank and which functions to recycle the molten metal bath from the 

15 dross removing tank to the plating tank. 

[0068] The plating tank preferably keeps gaps of from 200 to 500 mm between the walls of plating tank and the 
steel strip, and between the walls of plating tank and the sink roll in the bath, and wherein the plating tank and the dross 
removing tank preferably satisfy the relation of W1 s 10 m 3 and W1 £ W2, ( W1 is the capacity of the plating tank, and 
20 W2 is the capacity of the dross removing tank ). 



Brief Description of the Drawings 
[0069] 

25 

Fig. 1 shows an apparatus for hot-dip galvanizing according to the Best Mode 1. Fig. 1(a) is the plan view, and Fig. 

1(b) is the cross sectional view taken along A-A line of Fig. 1(a). 

Fig. 2 shows the relation between the capacity of plating galvanizing of Fig. 1. 

Fig. 3 shows the relation between the (capacity of plating tank) /(capacity of dross removing tank) and the degree 
30 of surface defects on the apparatus for hot-dip galvanizing of Fig. 1 . 

Fig. 4 shows the relation between the circulation flow rate and the degree of surface defects on the apparatus for 
hot-dip galvanizing of Fig. 1. 

Fig. 5 shows a dross deposition state in the plating vessel in cross sectional plane to the direction of traveling steel 
strip. 

35 Fig. 6 shows the dross deposition state in the plating vessel in A-A cross section of Fig. 5. 

Fig. 7 illustrates the melt flow state accompanied with traveling steel strip and with the roll at a portion that the steel 
strip contacts the roll. 

Fig. 8 illustrates the melt flow state in the plating tank. 

Fig. 9 illustrates the melt flow state and the dross deposition zone at bottom portion of the plating tank under a con- 
40 dition of low traveling speed of the steel strip. 

Fig. 10 shows an apparatus for hot-dip galvanizing according to the Best Mode 2. Fig. 10(a) is the plan view. Fig. 

10(b) is the cross sectional view taken along A-A line of Fig. 10(a). 

Fig. 11 is the cross sectional view along B-B line of Fig. 10(a). 

Fig . 1 2 shows the relation between the capacit y of plating tank and the degree of surface defects in the method for 

45 hot-dip galvanizing according to the Best Mode 2. 

Fig. 13 shows the relation between the (capacity of plating tank)/(capacity of dross removing tank) and the degree 

of surface defects in the method for molten zinc-base plating according to the Best Mode 2. 

Fig. 14 shows the relation between the circulation flow rate and the degree of surface defects in the method for hot- 
dip galvanizing according to the Best Mode 2. 
so Fig. 15 shows another apparatus for hot-dip galvanizing according to the Best Mode 2. Fig. 15(a) is the plan view. 

Fig. 15(b) is the cross sectional view taken along A-A line of Fig. 15(a). 

Fig. 1 6 shows the plan view of the first apparatus for hot-dip galvanizing of the Best Mode 3. 

Fig. 17 shows the cross sectional views of the apparatus for hot-dip galvanizing of Fig. 16. Fig. 17(a) is the cross 

sectional view taken along A-A line. Fig. 17(b) is the cross sectional view taken along B-B line. Fig. 17(c) is the 
55 cross sectional view taken along C-C line. 

Fig. 18 shows the plan view of the second apparatus for ho-dip galvanizing of the Best Mode 3. 

Fig. 19 shows the plan view of the third apparatus for ho-dip galvanizing of the Best Mode 3. 

Fig. 20 shows the plan view of the fourth apparatus for ho-dip galvanizing of the Best Mode 3. 
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Fig. 21 shows the plan view of the fifth apparatus for ho-dip galvanizing of the Best Mode 3. Fig. 21(a) is the plan 
view. Fig. 21(b) is the cross sectional view along A-A line of Fig. 21(a). Fig. 21(c) is the cross sectional view along 
B-Bline of Fig. 21(a). 

Fig. 22 shows the plan view of the apparatus for ho-dip galvanizing of the Best Mode 4. 
5 Fig. 23 shows the cross sectional views of the apparatus for hot-dip galvanizing of Fig. 22. Fig. 23(a) is the cross 

sectional view along A-A line. Fig. 23(b) is the cross sectional view along B-B line. Fig. 23(c) is the cross sectional 
view along C-C line. 

Fig. 24 shows another apparatus for hot-dip galvanizing of the Best Mode 4. Fig. 24(a) is the plan view. Fig. 24(b) 
is the cross sectional view along A-A line of Fig. 24(a). Fig. 24(c) is the cross sectional view along B-B line of Fig. 
10 24(a). 

Fig. 25 shows a cross sectional view of the apparatus for hot-dip galvanizing of the Best Mode 5. 
Fig. 26 is the cross sectional view along A-A line of the apparatus of Fig. 25. 

Fig. 27 shows the status of generation of quality defects caused from the dross adherence to the steel strip under 
the conditions of varied position between the plating tank and the sink roll in the apparatus of Fig. 25. 
15 Fig. 28 shows the relation between the circulation flow rate and the generation of dross defects caused from adher- 
ence of dross to the steel strip in the apparatus of Fig. 25. 

Fig. 29 illustrates the temperature distribution of plating bath in the vicinity of an ingot when the ingot is thrown into 
the plating bath. 

Fig. 30 shows the plating apparatus of the Best Mode 6. 
20 Fig. 31 shows the cross sectional view along A-A line of the plating apparatus of Fig. 30. 

Fig. 32 illustrates the flow pattern of the plating bath at positions of presence of steel strip. 
Fig. 33 illustrates the flow pattern of the plating bath at positions of absence of steel strip. 
Fig. 34 is schematic drawings of flow pattern of molten zinc in the plating pot. 

Fig. 35 shows a cross sectional view of a manufacturing apparatus of hot-dip galvanized steel plates according to 
25 the first embodiment of the Best Mode 7. 

Fig. 36 shows the cross sectional view along A-A' line of Fig. 35. 

Fig. 37 shows the plan view of the manufacturing apparatus of hot-dip galvanized steel plates according to the first 
embodiment of the Best Mode 7. 

Fig. 38 shows a cross sectional view of the manufacturing apparatus of hot-dip galvanized steel plates according 
30 to the second embodiment of the Best Mode 7. 

Fig. 39 shows the cross sectional view along B-B' line of Fig. 38. 

Fig. 40 shows the plan view of the manufacturing apparatus of hot-dip galvanized steel plates according to the sec- 
ond embodiment of the Best Mode 7. 

Fig. 41 shows arrangement of main components of the apparatus for hot-dip galvanizing of the Best Mode 8. 
35 Fig. 42 is the cross sectional view taken along A-A line of Fig. 41 . 
Fig. 43 is the cross sectional view taken along B-B line of Fig. 41 . 

Fig. 44 illustrates the opening shapes of the apparatus of Fig. 41. Fig. 44(a) shows the first opening shape. Fig. 
44(b) shows the second opening shape. Fig. 44(c) shows the third opening shape. 

Fig. 45 shows the relation between the capacity of plating tank and the degree of surface defects in the apparatus 
40 for hot-dip galvanizing of Fig. 41 . 

Fig. 46 shows the relation between the (capacity of plating tank)/(capacity of dross removing tank) and the degree 
of surface defects in the apparatus for hot-dip galvanizing of Fig. 41 . 

Fig. 47 shows the relation between the circulation flow rate and the degree of surface defects in the apparatus for 

hot-dip g alvanizin g of Fi g . 41 . 

45 Fig. 48 shows an example of plating apparatus providing a mechanical pump at near the liquid level according to 
the Best Mode 8. Fig. 48(a) shows the front view. Fig. 48(b) shows the cross sectional view taken along A-A line of 
Fig. 48(a). 

BEST MODE FOR CARRYING OUT THE INVENTION 

50 

Best mode 1 

[0070] The characteristic concept of the present invention is described below. 

55 1 ) Basically, dross is removed by sedimentation. To do this, the sedimentation tank has a large capacity. 

2) In the plating tank, the contained liquid is exchanged before the dross grows to a harmful size. To do this, the 
plating tank preferably has a minimum capacity. 

3) The charge of raw material zinc to the plating tank is in a form of liquid zinc, not in a form of solid zinc. The reason 
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is to prevent enhancement of dross growth caused from variations of temperature of bath in the plating tank. 
4) The charge of raw material zinc is done by dissolving a solid zinc (an ingot) in the sedimentation tank. The rea- 
son is to enhance dross growth using the bath temperature variations in the vicinity of the dissolving zone of solid 
zinc. The sedimentation tank essentially has a heating device. 
5 5) The charge of molten zinc from the sedimentation tank to the plating tank is conducted in a very mild flow mode 

to suppress the generation of top dross. If any flow to entrap air appears on the bath surface, the top dross is vig- 
orously generated. The required condition is established by connecting the sedimentation tank with the plating tank 
at an opening to make the liquid level of both tanks equal. 

6) The discharge of molten zinc from the sedimentation tank after removed dross is most preferably done by a flow 
10 including the liquid surface zone in the sedimentation tank. The condition is satisfied by locating the opening at 

upper zone as far as possible. 

7) The above-listed requirements are satisfied by dividing a single vessel into an upper zone for plating tank and a 
lower zone for dross removing tank. The means is to simplify the facilities, to stabilize the operation, to reduce the 
investment cost, and to reduce the space of apparatus. 

15 

[0071] The present invention is based on the above-described concept, and the essentials of the Best Mode 1 are 
described below. 

[0072] The first embodiment is a method for hot-dip galvanizing characterized in that, on conducting hot-dip galva- 
nizing continuously to a steel strip by immersing the steel strip in a plating vessel which contains a molten metal, the 

20 plating vessel is divided into the plating tank at upper zone and the dross removing tank at lower zone thereof, thus the 
steel strip is immersed in the plating tank to conduct the hot-dip galvanizing, then the molten metal bath in the plating 
tank is transferred to the dross removing tank using a mechanical pump, thus removing the dross from the molten metal 
bath in the dross removing tank, and dissolving a solid phase metal for plating, further the molten metal bath in the 
dross removing tank is recycled to the plating tank through an opening located on the plating tank. 

25 [0073] The second embodiment is the method for hot-dip galvanizing described in the first embodiment, which 
method is characterized in that the molten metal bath recycled from the dross removing tank to the plating tank contains 
a supernatant bath after removed the dross. 

[0074] The third embodiment is the method for hot-dip galvanizing described in the first embodiment or the second 
embodiment, which method is characterized in that the plating tank and the dross removing tank satisfy the relation of 
30 W1 s 1 0 m 3 and W1 £ W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing tank), 
and the flow rate of molten metal bath being transferred from the plating tank to the dross removing tank is in a range 
of from 1 to 10m 3 /h. 

[0075] The fourth embodiment is an apparatus for hot-dip galvanizing continuously to a steel strip by immersing the 
steel strip in a plating vessel which contains a molten metal, which apparatus is characterized in that the plating vessel 

35 is divided into the plating tank at upper zone and the dross removing tank at lower zone thereof, thus the steel strip is 
immersed in the plating tank to conduct the hot-dip galvanizing, while removing the dross from the molten metal bath in 
the dross removing tank, and dissolving a solid phase metal for plating in the dross removing tank, that a mechanical 
pump is installed to transfer the molten metal bath from the plating tank to the dross removing tank, and that an opening 
is located on the plating tank to recycle the molten metal bath from the dross removing tank to the plating tank. 

40 [0076] The fifth embodiment is the apparatus for hot-dip galvanizing described in the fourth embodiment, which 
apparatus is characterized in that an opening is located on the plating tank so as the molten metal bath containing a 
supernatant bath after removed the dross to recycle to the plating tank. 

[0077] The sixth embodiment is the apparatus for hot-dip galvanizing described in the fourth embodiment or the fifth 
embodiment, which a p paratus is characterized in that the plating tank and the dross removing tank satisfy the relation 
45 of W1 £ 10 m 3 and W1 s W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing 
tank), and the flow rate of molten metal bath being transferred from the plating tank to the dross removing tank is in a 
range of from 1 to 1 0 m 3 /h. 

[0078] According to the Best Mode 1 , the make up of zinc which was brought out by adhesion to the steel strip, or 
the dissolving solid phase zinc (ingot), is done in the dross removing tank located beneath the plating tank. Conse- 
so quentiy, the variations of temperature of the molten metal bath (melt) in the plating tank become less, thus reducing the 
generated amount of the dross in the plating tank. 

[0079] Since the melt containing dross in the plating tank is transferred to the dross removing tank using a mechan- 
ical pump, there occurs no problem of quality and operation, such as generation of fume and top dross, which are 
observed in the case of using a gas lift pump. In addition, the use of mechanical pump improves unstable transfer of the 
55 melt utilizing the flow accompanied with the traveling steel strip, and assures the transfer of melt from a portion of high 
concentration of dross to the dross removing tank at a necessary flow rate. 

[0080] Inside of the dross removing tank, no agitation occurs caused from the traveling steel strip, so that the flow 
becomes calm to enhance the sedimentation of the dross. Furthermore, dissolving an ingot in the dross removing tank 
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enhances the sedimentation and removal of dross owing to the reduction of local melt temperature and to the changes 
in aluminum concentration. With these two actions, the dross is efficiently and promptly removed in the dross removing 
tank. 

[0081] The dross is removed in the dross removing tank. The cleaned melt is preferentially recycled to the plating 
5 tank through the opening on the plating tank. Since the melt flows with very little flow resistance, there appears very 
little difference in liquid level between the plating tank and the dross removing tank. As a result, when the melt returns 
to the plating tank, very little top dross is generated. 

[0082] When the opening is located at upper part as far as possible so as the supernatant bath after removed the 
dross in the dross removing tank to be recycled, the supernatant bath in the vicinity of the bath surface zone where the 

w cleanliness is superior is preferentially recycled to the plating tank. 

[0083] The apparatus of the Best Mode 1 is a simple one only dividing a plating vessel into a plating tank at upper 
zone and a dross removing tank at lower zone. Accordingly, the apparatus solves several problems such as the invest- 
ment cost problem accompanied with melt transfer to a distant tank, and the problems of solidification and leak of melt. 
[0084] Under the conditions that the plating tank and the dross removing tank satisfy the relation of W1 s 10 m 3 

15 and W1 s W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing tank), and the flow 
rate of molten metal bath being transferred from the plating tank to the dross removing tank is in a range of from 1 to 
10 m 3 /h, the dross deposition at a stagnant melt flow zone in the plating tank is prevented, and the once-generated 
dross is efficiently removed in the dross removing tank. 

[0085] The Best Mode 1 is described in detail referring to Figs. 1 and 2. Fig. 1 shows a apparatus for hot-dip galva- 
20 nizing according to the Best Mode 1. Fig. 1(a) is the plan view, and Fig. 1(b) is the cross sectional view along A-A line 
of Fig. 1(a). 

[0086] In both figures, the reference number 1 is the snout, 2 is the sink roll, 3 is the molten metal bath (melt), and 
4 is the plating vessel. The plating vessel 4 is divided into the plating tank 1 1 which conducts plating the steel strip S, 
and the dross removing tank 12 which is located beneath the plating tank 11 and which conducts sedimentation and 
25 removal of dross and further dissolves an ingot 14. The reference number 5 is the mechanical pump, and 13 is the 
opening located on the plating tank 1 1 . 

[0087] The steel strip S travels in the arrow direction to enter from the snout 1 to the plating tank 1 1 , then turns the 
traveling direction around the sink roll 2, and is pulled up from the molten metal bath 3. After being adjusted the coating 
weight in a coating weight controller (not shown), the steel strip S is cooled and subjected to specified post-treatment 

30 to become a plated steel strip. 

[0088] The melt 3 containing dross in the plating tank 1 1 is transferred to the dross removing tank by the mechan- 
ical pump 5. The dross is sedimented and removed in the dross removing tank 12. The melt 3 is recycled to the plating 
tank 1 1 via the opening 13. The flow rate of melt which is transferred by the mechanical pump 5 is the recycle rate of 
the melt 3 between the plating tank 11 and the dross removing tank 12. 

35 [0089] A pair of heating devices (induction heating devices) 15,16 are located at the dross removing tank 1 2. The 
temperature of melt in the plating tank 1 1 is determined by the heat of melt 3 recycled from the dross removing tank 12 
and by the temperature of steel strip S entering the plating tank 1 1 . 

[0090] The apparatus has no heating device in the plating tank 11, and the temperature control of the melt in the 
plating tank 1 1 is conducted by the heating devices 15, 16 located at the dross removing tank 12. When an ingot 14 is 
40 charged in the dross removing tank 12, the temperature of melt flowing into the plating tank 1 1 through the opening 13 
is controlled to a specified level by adequately functioning the heating devices 15, 16. 

[0091] Since the ingot 14 is not dissolved in the plating tank 1 1 , the temperature variations of the melt 3 in the plat- 
ing tank 1 1 become minimum. Since the temperature control of the melt 3 in the plating tank 1 1 is done by the heating 
devices 1 5. 1 6 of the dross removin g tank 1 1 , the hot melt 3 ejected from the induction heating devices does not co ntact 
45 the steel strip S. As a result, the elution of iron from the steel strip S is suppressed, and the generation of dross in the 
plating tank 12 is reduced. 

[0092] A ceramics mechanical pump 5 for transferring the melt 3 from the plating tank 1 1 to the dross removing tank 
12 is mounted to the plating vessel 4. Since the plating tank 1 1 and the dross removing tank 12 are adjacent to each 
other, the transfer distance of the melt 3 is short, and the problems of solidification and leak of the melt 3 during transfer 
so are substantially solved. In addition, the melt 3 is transferred from the specified zone in the plating tank 1 1 to the dross 
removing tank 12 at a necessary amount. 

[0093] The mechanical pump means a pump such as a volute pump (centrifugal pump), a turbine pump, and a dis- 
placement pump, which transfers melt directly contacting the melt to working parts of the pump. The mechanical pump 
described here does not include a gas lift pump. 
55 [0094] In the dross removing tank 12, the ingot 14 is dissolved, and the bottom dross is sedimented to remove. In 
the dross removing tank 12, the flow of melt 3 is uniformized. Adding to the functions, the local melt temperature reduc- 
tion and the variations of aluminum concentration accompanied with the ingot dissolving become significant, thus 
enhancing the sedimentation and removal of the dross. As a result, the efficiency of sedimentation and removal of dross 
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improves. 



[0095] The dross removing tank 12 may have, at need, separation plate(s) to uniformize the flow of melt 3. 
[0096] The opening 13 is located on a side wall of the plating tank 11 at opposite side to the ingot charge portion, 
which opening 13 forms a flow passage at near the bath surface zone including the bath surface. The dissolved ingot 
melt is mixed to the flow, and the supernatant bath, in the vicinity of the bath surface, clarified by sedimenting and 
removing the dross preferentially returns from the opening 13 to the dross removing tank 11. Since the flow of melt 3 
has very little flow resistance, the melt 3 gives very little difference in the liquid level between the plating tank 11 and 
the dross removing tank 12. Therefore, the melt 3 recycled to the plating tank 11 generates very little top dross. 
[0097] The melt 3 recycled to the plating tank 1 1 is clean removing the dross, and the amount of generated dross 
10 in the plating tank 1 1 is little. As a result, the effect to prevent the dross deposition in the plating tank 1 1 is excellent. 
[0098] With the apparatus shown in Fig. 1 , the inventors of the present invention studied the generation of quality 
defects caused by the dross adherence in the plating tank 1 1 under variations of tank capacity and of circulation flow 
rate. The result is shown in Figs. 2 through 4. 

[0099] Fig. 2 shows the generation of quality defects of a steel strip S caused by the dross adherence under the 
15 conditions of 20 m 3 of the capacity of dross removing tank 12, and fixed circulation flow rate of 3 m 3 /h, with varied 
capacity of the plating tank 1 1. The quality defect generation caused from the dross adherence was determined by vis- 
ual observation of the surface of steel strip S after plating. The degree of quality defects was evaluated by five grades 
of indexes 1 through 5. The index 1 is the best, equivalent to the quality required to the high quality hot-dip galvanized 
steel strip. 

20 [01 00] With the capacities of plating tank 1 1 not more than 1 0 m 3 , the index is 1 , or good quality. With the capacities 
of plating tank 1 1 more than 10 m 3 however, the index increases to degrade the quality. Increased capacity of the plat- 
ing tank 1 1 more likely induces generation of stagnant zone where the bottom dross deposits. To prevent the deposition 
of bottom dross in the plating tank 11, reducing the capacity of the plating tank 11 is an effective means. When the 
capacity of the plating tank 1 1 is brought to less than 10 m 3 , the currently required high quality hot-dip galvanized steel 

25 strip is produced. 

[0101] The inventors studied the generation of quality defects on steel strip S caused by dross adherence at a fixed 
circulation flow rate of 3 m 3 /h while varying the capacity of the dross removing tank 12. Since the size of the dross 
removing tank 1 2 is influenced, by the capacity of the plating tank 1 1 , the data of quality defect generation on the steel 
strip S caused from dross adherence were rearranged using a parameter W1/W2 (W1 is the capacity of the plating tank 
30 1 1 , W2 is the capacity of the dross removing tank 12). The result is shown in Fig. 3. 

[0102] In the zones of not more than W1/W2 = 1 .0, the index is 1 , or good quality. However, in the zones of exceed- 
ing W1/W2 = 1.0, the index increases to degrade the quality. Therefore, by controlling the value of W1/W2 to not more 
than 1 .0, the currently required high quality hot-dip galvanized steel strip is produced. 

[0103] Furthermore, the inventors studied the generation of quality defects on steel strip S caused by dross adher- 
35 ence at fixed capacity of the plating tank 1 1 and the dross removing tank 12 to 5 m 3 and 20 m 3 respectively, while var- 
ying the circulation flow rate. The result is shown in Fig. 4. 

[0104] When the circulation flow rate was large, defects occurred presumably caused from insufficient sedimenta- 
tion and removal of dross in the dross removing tank 12, resulting in the incoming dross in the plating tank 11. In the 
dross removing tank 12, it is important to assure a retention time not less than the dross sedimentation time taking into 

40 account of the target dross sedimentation time. The above-described defects were reduced with the reduction in circu- 
lation flow rate, and the acceptable quality was attained at not more than 10 m 3 /h of the circulation flow rate. However, 
further reduced circulation flow rate to less than 1 m 3 /h resulted to stop discharging the dross from the plating tank 1 1 
to the dross removing tank 12, and the dross remained in the plating tank 11, thus the index inversely increased, and 
the q ualit y was degraded. To produce high quality hot-dip galvanized steel strip, the circulation flow rate is necessary 

45 to control between 1 and 10 m 3 /h. 



[0105] The Example used the apparatus shown in Fig. 1. The plating vessel 4 had 2 meters in depth. The plating 
so tank 1 1 had 5 m 3 in capacity, and the dross removing tank 12 had 20 m 3 in capacity. The dross sedimentation speed 
which raises problem in ordinary hot-dip galvanizing is around 1 meter per hour. Since the depth of the plating vessel 4 
was 2 meters, the dross removing tank 12 required 2 hours or longer retention time. If the circulation flow rate is not 
more than 10 m 3 /h, the retention time exceeds 2 hours, which expects the dross removal effect. On the other hand, if 
the circulation flow rate becomes below 1 m 3 /h, the dross in the plating tank 1 1 remains in the plating tank 1 1 to cause 
55 the generation of quality defects. Considering the above-described conditions, the circulation flow rate was selected to 
5 m 3 /h. 

[0106] The apparatus was used to conduct the hot-dip galvanizing to a steel strip. The generation of dross defects 
on the plated steel strip became zero, compared with around 2% of defect generation in conventional production line. 



Example 
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Thus, the problem of dross adherence was completely solved. 
[0107] According to the Best Mode 1 , the amount of dross generated during the hot-dip galvanizing on steel strip is 
reduced, the once-generated dross is prevented from deposition in the plating tank, and the dross is efficiently removed 
in the dross removing tank located below the plating tank. Consequently, the quality defects caused from the dross 

5 adherence to the steel strip are reduced. The Best Mode 1 produces high quality hot-dip galvanized steel strip. 

[0108] The apparatus of the Best Mode 1 is a simple one only dividing a plating vessel into a plating tank at upper 
zone and a dross removing tank at lower zone. Accordingly, the apparatus solves several problems such as the invest- 
ment cost problem accompanied with melt transfer to a distant tank, and the problems of solidification and leak of melt. 
[0109] Since the melt 3 flows with very little flow resistance, there appears very little difference in liquid level 

10 between the plating tank 1 1 and the dross removing tank 12. As a result, when the melt 3 returns to the plating tank 1 1 , 
very little top dross is generated. 

[01 10] Since the Best Mode 1 allows minimized zone for sedimentation and removal of dross, the total size of plat- 
ing vessel is reduced, thus an existing apparatus can be modified to easily implement the Best Mode 1. 




15 Best Mode 2 



[0111] The first embodiment is a method for hot-dip galvanizing characterized in that, on conducting hot-dip galva- 
nizing continuously to a steel strip by immersing the steel strip in a plating vessel which contains a molten metal, the 
plating vessel is divided into a separable plating tank at upper zone and a dross removing tank at lower zone thereof, 

20 thus the steel strip is immersed in the plating tank to conduct the hot-dip galvanizing, then the molten metal bath in the 
plating tank is transferred to the dross removing tank using a mechanical pump, thus removing the dross from the mol- 
ten metal bath in the dross removing tank, and dissolving a solid phase metal for plating, further the molten metal bath 
in the dross removing tank is recycled to the plating tank through an opening located on the plating tank. 
[0112] The second embodiment is the method for hot-dip galvanizing described in the first embodiment, which 

25 method is characterized in that the molten metal bath in the plating tank is sucked at bottom center portion of the plating 
tank to transfer to the dross removing tank. 

[01 13] The third embodiment is the method for hot-dip galvanizing described in the first embodiment or the second 
embodiment, which method is characterized in that the molten metal bath recycled from the dross removing tank to the 
plating tank contains a supernatant bath after removed the dross therefrom. 
30 [0114] The fourth embodiment is the method for hot-dip galvanizing described in any one of the first through third 
embodiments, which method is characterized in that the plating tank and the dross removing tank satisfy the relation of 
W1 s 10 m 3 and W1 s W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing tank), 
and the flow rate of molten metal bath being transferred from the plating tank to the dross removing tank is in a range 
of from 1 to 10 m 3 /h. 

35 [0115] The fifth embodiment is an apparatus for hot-dip galvanizing continuously to a steel strip by immersing the 
steel strip in a plating vessel which contains a molten metal, which apparatus is characterized in that the plating vessel 
is divided into the plating tank at upper zone and the dross removing tank at lower zone thereof, thus the steel strip is 
immersed in the plating tank to conduct the hot-dip galvanizing, while removing the dross from the molten metal bath in 
the dross removing tank, and dissolving a solid phase metal for plating in the dross removing tank, that a mechanical 

40 pump is installed to transfer the molten metal bath from the plating tank to the dross removing tank, and that an opening 
is located on the plating tank to recycle the molten metal bath from the dross removing tank to the plating tank. 
[0116] The sixth embodiment is the apparatus for hot-dip galvanizing described in the fifth embodiment, which 
apparatus is characterized in that the suction of the mechanical pump for molten metal is located at bottom center por- 
tion of the platin g tank. ' : 

45 [0117] The seventh embodiment is the apparatus for hot-dip galvanizing described in the fifth embodiment or the 
sixth embodiment, which apparatus is characterized in that the opening is located so as the supernatant bath after 
removed the dross in the dross removing tank to be recycled to the plating tank. 

[0118] The eighth embodiment is the apparatus for hot-dip galvanizing described in any one of the fifth through sev- 
enth embodiments, which apparatus is characterized in that the plating tank and the dross removing tank satisfy the 
50 relation of W1 s 10 m 3 and W1 sW2,(W1 is the capacity of the plating tank, and W2 is the capacity of the dross remov- 
ing tank), and the flow rate of molten metal bath being transferred from the plating tank to the dross removing tank is in 
a range of from 1 to 10 m 3 /h. 

[0119] According to the Best Mode 2, the make up of zinc which was brought out by adhesion to the steel strip, or 
the dissolving solid phase zinc (ingot), is done in the dross removing tank located beneath the plating tank. Conse- 
55 quently, the variations of temperature of the molten metal bath (melt) in the plating tank become less, thus reducing the 
generated amount of the dross in the plating tank. 

[01 20] Furthermore, the plating tank is located at upper portion of the plating vessel, so that low temperature zones 
which appear at near the refractory of the plating vessel are not generated in the plating tank, which gives an effect to 
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reduce the generation of bottom dross. 

[0121] Since the melt containing dross is transferred from the plating tank to the dross removing tank using a 
mechanical pump, there occurs no problem of fume and top dross generation observed in the case of gas lift pump 
application. The use of mechanical pump improves unstable transfer of the melt utilizing the flow accompanied with the 

5 traveling steel strip, and assures the transfer of melt from a portion of high concentration of dross to the dross removing 
tank at a necessary flow rate. To assure the transfer of the melt from a portion of high concentration of dross, it is pref- 
erable to suck the melt at bottom center portion of the plating tank to transfer it to the dross removing tank. 
[0122] Inside of the dross removing tank, no agitation occurs caused from the traveling steel strip, so that the flow 
becomes calm to enhance the sedimentation of the dross. Furthermore, dissolving an ingot in the dross removing tank 

10 enhances the sedimentation and removal of dross owing to the reduction of local melt temperature and to the changes 
in aluminum concentration. With these two actions, the dross is efficiently and promptly removed in the dross removing 
tank. 

[0123] The dross is removed in the dross removing tank. The cleaned melt is preferentially recycled to the plating 
tank through the opening on the plating tank. Since the melt flows with very little flow resistance, there appears very 
15 little difference in liquid level between the plating tank and the dross removing tank. As a result, when the melt returns 
to the plating tank, very little top dross is generated. 

[0124] When the opening is located at upper part as far as possible so as the supernatant bath after removed the 
dross in the dross removing tank to be recycled, the supernatant bath in the vicinity of the bath surface zone where the 
cleanliness is superior is preferentially recycled to the plating tank. 

20 [0125] In the Best Mode 2, since the applied plating tank generally has a capacity of around 10 m , a plating tank 
made of stainless steel cannot be annealed at the welded sections, which may induce thermal strain when the plating 
tank is immersed in the plating vessel. In an extreme case of large deformation of the plating tank, the plating tank can- 
not be taken out from the plating vessel. If the bottom of the plating tank has no hole, the immersion of the plating tank 
into the plating vessel needs charge of molten zinc by a pump, which makes the work complicated one. To this point, if 

25 the plating tank is designed in separable structure, the plating tank is easily put into and taken out from the plating ves- 
sel. Even when thermal strain occurs to deform the plating tank, the separable plating tank is readily taken out from the 
plating vessel, thus assuring the apparatus easily operable one. 

[0126] The apparatus of the Best Mode 2 is a simple one only dividing a plating vessel into a plating tank at upper 
zone and a dross removing tank at lower zone. Accordingly, the apparatus solves several problems such as the invest- 

30 ment cost problem accompanied with melt transfer to a distant tank, and the problems of solidification and leak of melt 
[0127] Under the conditions that the plating tank and the dross removing tank satisfy the relation of W1 s 10 m 
and W1 s W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing tank), and the flow 
rate of molten metal bath being transferred from the plating tank to the dross removing tank is in a range of from 1 to 
10 m 3 /h, the dross deposition at a stagnant flow of melt in the plating tank is prevented, and the once-generated dross 

35 is efficiently removed in the dross removing tank. 

[0128] The following is the description about the flow analysis of the melt within the plating tank focusing on the 
action to prevent dross deposition in the plating tank according to the present invention. 

[0129] Inside the plating tank, as illustrated in Fig. 7, at the portion that the steel strip S contacts the sink roll 102, 
the flow accompanied with the traveling steel strip S and the rotating sink roll 102 fails to find escape exit, which results 

40 in a strong flow to lateral direction (in the direction of roll shell length). At the same time, there appears an upward flow 
accompanied with the traveling steel strip S after changed its traveling direction by the sink roll 102. 
[0130] Since a conventional plating tank has large capacity, these flows lose the intensity at roll edges and, at side 
walls of the plating tank, thus the dross sediments and deposits in the above-described zones. If, however, the size of 
plating tank is reduced from conventional one, these flows do not attenuate, and the flow in the dir e ction c^olhshell^ 

45 length collides against a side wall of the plating tank, then, a part of the flow becomes an activated'fiow directing the 
bottom center portion of the plating tank (the flow 'a' in Fig. 8). The upward flow accompanied with the traveling steel 
strip S after changed its traveling direction by the sink roll 102 changes a part thereof in opposite flow direction to 
become a downward flow along the side wall of the plating tank, further becomes an activated flow toward the bottom 
center portion of the plating tank (the flow 'b' of Fig. 8). Owing to these activated flows, the dross is prevented from sed- 

50 imentation and deposition in the plating tank. 

[0131] The size and the traveling speed of the steel strip for hot-dip galvanizing are not necessarily fixed. For exam- 
ple, when a steel strip is heated in an annealing furnace provided with a direct-fired oven, increased plate thickness of 
the steel strip takes a heating time, so that the traveling speed of the steel strip becomes slow. If the plate width 
becomes narrow, the heating efficiency in the direct-fired oven degrades, and the temperature of exhaust gas of the 

55 heating furnace increases, which also results in slowing the traveling speed of the steel strip. 

[0132] The experiments carried out by the inventors of the present invention revealed the foliowings. That is, when 
the steel strip travels at a slow speed, as illustrated in Fig. 9, the above-described activated flows (flow 'a', 'b') induce 
intense flow to collect the dross to the bottom center portion of the plating tank at center part of the width of the traveling 
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steel strip. The collected dross likely deposits on the bottom center portion (zone 'c') of the plating tank. When the 
traveling speed of the steel strip increases, the deposited dross is stirred up. That is, when the width of the steel strip 
increases and when the traveling speed of the steel strip increases, the dross adherence to the steel strip likely occurs 
in the initial stage of operation. If the melt at the bottom center of the plating tank is sucked by a pump to transfer it to 
5 outside the plating tank, then the dross deposition in the zone 'c' for the case of low traveling speed is surely prevented. 
[01 33] The Best Mode 2 is described referring to Figs. 1 0 and 1 1 . Fig. 1 0 shows a apparatus for hot-dip galvanizing 
of the Best Mode 2. Fig. 10(a) is the plan view. Fig. 10(b) is the cross sectional view along A-A line of Fig. 10(a). Fig. 
11 is the cross sectional view along B-B line of Fig. 10(a). In these drawings, the reference number 101 is the snout, 

102 is the sink roll, 103 is the molten metal bath (melt), and 104 is the plating vessel. 

10 [0134] The plating vessel 104 is divided into the plating tank 1 1 1 which conducts plating the steel strip S, and the 
dross removing tank 1 12 which is located beneath the plating tank 1 1 1 and which conducts sedimentation and removal 
of dross and dissolves the ingot 1 14. The reference number 105 is the mechanical pump, 1 13 is the opening located on 
the plating tank 111. The plating tank 111 comprises a plating tank member 111a and a plating tank member 111b, 
which are separable from each other. These plating tank members are detachably mounted to the plating vessel 104 

15 by the flow-stopping jigs 1 1 7, as shown in Fig. 1 1 . 

[01 35] For mounting the plating tank 1 1 1 to the plating vessel 1 04, the plating tank member 1 1 1 a is fixed to the plat- 
ing vessel 104 using a flow-stopping jig 117, then the bottom of the plating tank member 117b is placed on the bottom 
of the plating tank member 1 1 1 a, and the horizontal position of the plating tank member 1 1 1 b is adjusted to almost zero 
of the gap between the contact portions 1 1 8 of the side walls of the members, followed by fixing the plating tank mem- 

20 ber 1 1 1 b to the plating vessel 1 04 using a flow-stopping jig 1 1 7. Thus located the plating tank 1 1 1 allows to substan- 
tially prevent the transfer of the melt 103 between the plating tank 111 and the dross removing tank 112 through the 
contact portion of the plating tank member 111a and the plating tank member 111b, which allows to utilize the plating 
tank as a single tank. 

[01 36] According to the apparatus, the bottom portion of the plating tank member 111b has a structure located near 
25 to the slope of the plating tank member 1 1 1a. At that portion, the influence of the flow accompanied with the traveling 
steel strip S is weak, so that, even if the plating tank members 111a and 111b deform by thermal strain to generate a 
gap between the bottom of them to result in establishing a connection between the plating tank 111 and the dross 
removing tank 112, the melt 103 cannot move between the plating tank 111 and the dross removing tank 112 through 
the connection passage. 

30 [0137] For detaching the plating tank 111 from the plating vessel 104, the plating tank member 111b is removed, 
then the plating tank member 1 1 1a is removed. Even if the plating tank 1 1 1 is deformed by thermal strain, the plating 
tank 1 1 1 is separated to divisions to readily take out from the plating vessel 104. 

[0138] In the above-described apparatus, the steel strip S travels in the arrow direction to enter and dip into the plat- 
ing tank 111 through the snout 101, and the steel strip S changes the travel direction around the sink roll 102, then is 

35 taken out from the molten metal bath 103. After being adjusted the coating weight in a coating weight controller (not 
shown), the steel strip S is cooled and subjected to a specified post-treatment to become a plated steel strip. 
[0139] The melt 103 containing dross in the plating tank 111 is transferred to the dross removing tank 112 by the 
mechanical pump 105. The dross is sedimented and removed in the dross removing tank 112, while the melt 103 is 
recycled to the plating tank 1 1 1 through the opening 1 1 3. The amount of the melt transferred by the mechanical pump 

40 1 05 is the circulation flow rate of the melt 1 03 between the plating tank 1 1 1 and the dross removing tank 1 1 2. 

[0140] The apparatus has no heating device in the plating tank 111, and the temperature control of the melt in the 
plating tank 1 1 1 is conducted by the heating devices (induction heating devices) 1 15, 1 16 located in the dross removing 
tank 112 and by the adjustment of the temperature of traveling steel strip. When an ingot 1 14 is charged in the dross 
removing tank 1 12 f the temperature of melt fl owing into the platin g tank 1 1 1 throu g h the openin g 1 1 3 is controlled to a 

45 specified level by adequately functioning the heating devices 1 15, 1 16. 

[0141] Since the ingot 1 14 is not dissolved in the plating tank 111, the temperature variations of the melt 103 in the 
plating tank 1 1 1 become minimum. Since the temperature control of the melt 103 in the plating tank 1 1 1 is done by the 
heating devices 115, 116 of the dross removing tank 112, the hot melt 103 ejected from the induction heating devices 
does not contact the steel strip S. As a result, the elution of iron from the steel strip S is suppressed, and the generation 

so of dross in the plating tank 1 1 1 is reduced. 

[0142] Furthermore, the plating tank 1 1 1 is hung down in the plating vessel 1 04, so that the low temperature zones 
which appear at near the refractory of the bottom portion of the plating vessel 104 are not generated in the plating tank 
111, which gives an effect to reduce the generation of bottom dross. 

[0143] A ceramics mechanical pump 105 for transferring the melt 103 from the plating tank 1 1 1 to the dross remov- 
55 ing tank 1 1 2 is mounted in the plating vessel 1 04. Since the plating tank 1 1 1 and the dross removing tank 1 1 2 are adja- 
cent to each other, the transfer distance of the melt 1 03 is short, and the problems of solidification and leak of the melt 

103 during transfer are substantially solved. In addition, the melt 103 is transferred from the plating tank 111 to the 
dross removing tank 1 12 at a necessary amount. 
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[0144] The mechanical pump means a pump such as a volute pump (centrifugal pump), a turbine pump, and a dis- 
placement pump, which transfers melt directly contacting the melt to working parts of the pump. The mechanical pump 
described here does not include a gas lift pump. 

[0145] In the dross removing tank 112, the ingot 114 is dissolved, and the bottom dross is sedimented and is 
5 removed. In the dross removing tank 1 12, the flow of melt 103 is uniformized because of absence of agitation of the 
melt 103 caused from the traveling steel strip S. Adding to the functions, the local melt temperature reduction and the 
variations of aluminum concentration accompanied with the ingot dissolving become significant, thus enhancing the 
sedimentation and removal of the dross. As a result, the efficiency of sedimentation and removal of dross improves. 
[0146] The dross removing tank 112 may have, at need, separation plate(s) to uniformize the flow of melt 103 aim- 
to ing at efficient sedimentation and removal of bottom dross. 

[0147] The opening 1 1 3 is located on a side wall of the plating tank 1 1 1 at opposite side to the ingot charge portion, 
as shown in Fig. 1 1 , which opening 113 forms a flow passage at near the bath surface zone including the bath surface. 
The dissolved ingot melt is mixed to the flow, and the supernatant bath, in the vicinity of the bath surface, clarified by 
sedimenting and removing the dross preferentially returns from the opening 1 1 3 to the plating tank 111. Since the flow 
15 of melt 103 has very little flow resistance, the melt 103 gives very little difference in the liquid level between the plating 
tank 1 1 1 and the dross removing tank 1 1 2. Therefore, the melt 1 03 recycled to the plating tank 1 1 1 generates very little 
top dross. 

[0148] The melt 103 recycled to the plating tank 111 is clean removing the dross, and the amount of generated 
dross in the plating tank 111 is little. As a result, the effect to prevent the dross deposition in the plating tank 111 is 
20 excellent. 

[0149] With the apparatus shown in Fig. 10, the inventors of the present invention studied the generation of quality 
defects caused by the dross adherence in the plating tank 1 1 1 under variations of tank capacity and of circulation flow 
rate. The result is shown in Figs. 12 through 14. 

[0150] Fig. 12 shows the generation of quality defects of a steel strip S caused by the dross adherence under the 
25 conditions of 20 m 3 of the capacity of dross removing tank 1 1 2, and a fixed circulation flow rate of 3 m 3 /h, with varied 
capacity of the plating tank 111. The quality defect generation caused from the dross adherence was determined by 
visual observation of the surface of steel strip S after plating. The degree of quality defects was evaluated by five grades 
of indexes 1 through 5. The index 1 is the best, equivalent to the quality required to the high quality hot-dip galvanized 
steel strip. 

30 [0151] With the capacities of plating tank 1 1 1 not more than 10 m 3 , the index is 1 , or good quality. With the capac- 
ities of plating tank 1 1 1 more than 1 0 m 3 however, the index increases to degrade the quality. Increased capacity of the 
plating tank 1 1 1 more likely induces generation of stagnant zone where the bottom dross deposits. To prevent the dep- 
osition of bottom dross in the plating tank 111, reducing the capacity of the plating tank 1 1 1 is an effective means. When 
the capacity of the plating tank 1 1 1 is brought to less than 10 m 3 , the currently required high quality hot-dip galvanized 

35 steel strip is produced. 

[0152] The inventors studied the generation of quality defects on steel strip S caused by dross adherence at a fixed 
circulation flow rate of 3 m 3 /h while varying the capacity of the dross removing tank 112. Since the size of the dross 
removing tank 1 1 2 is influenced by the capacity of the plating tank 111, the data of quality defect generation on the steel 
strip S caused from dross adherence were rearranged using a parameter W1/W2 (W1 is the capacity of the plating tank 

40 111, W2 is the capacity of the dross removing tank 112). The result is shown in Fig. 13. 

[0153] In the zones of not more than W1/W2 = 1 .0, the index is 1 , or good quality. However, in the zones of exceed- 
ing W1/W2 = 1.0, the index increases to degrade the quality. Therefore, by controlling the value of W1/W2 to not more 
than 1.0, the currently required high quality hot-dip galvanized steel strip is produced. 
[01 54] Fu rth ermore , the inventors studied the g eneration of quality defects on stee l strip S caused by dross adher- 

45 ence at fixed capacity of the plating tank 1 1 1 and the dross removing tank 1 12 of 5 m 3 and 20 m 3 , respectively, while 
varying the circulation flow rate. The result is shown in Fig. 14. 

[0155] When the circulation flow rate was large, defects occurred presumably caused from insufficient sedimenta- 
tion and removal of dross in the dross removing tank 112, resulting in the incoming dross into the plating tank 111. In 
the dross removing tank 1 12, it is important to assure a retention time not less than the dross sedimentation time taking 

so into account of the target dross sedimentation time. The above-described defects were reduced with the reduction in 
circulation flow rate, and the acceptable quality was attained at not more than 10 m 3 /h of the circulation flow rate. How- 
ever, further reduced circulation flow rate to less than 1 m 3 /h resulted to stop discharging the dross from the plating tank 
1 1 1 to the dross removing tank 1 12, and the dross remained in the plating tank 111, thus the index inversely increased, 
and the quality was degraded. To produce high quality hot-dip galvanized steel strip, the circulation flow rate is neces- 

55 sary to control between 1 and 10 m 3 /h. 

[0156] Another embodiment according to the present invention is described below referring to Fig. 15. Fig. 15 
shows an apparatus for hot-dip galvanizing, shown in Figs. 10 and 1 1, provided with a suction opening of the mechan- 
ical pump 105 at bottom center portion of the plating tank 111. Fig. 15(a) is the plan view, and Fig. 15(b) is the cross 
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sectional view along A-A line of Fig. 15(a). 

[0157] According to the apparatus, the melt 103 containing dross in the plating tank 1 1 1 is transferred to the dross 
removing tank 1 12 by the mechanical pump 105 having a suction opening at bottom center portion of the plating tank 
111. Even when the steel strip width becomes narrow and the travelling speed of the steel strip becomes slow, the effect 
of preventing deposition of dross at bottom center portion of the plating tank 1 1 1 is superior. Thus, when the steel strip 
width increases or when the traveling speed of the steel strip increases, the effect of preventing the dross adherence to 
the steel strip in the initial period of operation is superior. 



(Example 1) 

10 

[0158] Example 1 used the apparatus shown in Fig. 10. The plating vessel 104 had 2.5 meters in depth. The plating 
tank 1 1 1 had 10 m 3 in capacity, and the dross removing tank 1 12 had 30 m 3 in capacity. The dross sedimentation speed 
which raises problem in ordinary hot-dip galvanizing is around 1 meter per hour. Since the depth of the plating vessel 
104 was 2.5 meters, the dross removing tank 1 1 2 required 2.5 hours or longer retention time. If the circulation flow rate 
15 is not more than 12 m 3 /h, the retention time exceeds 2.5 hours, which expects the dross removal effect. On the other 
hand, if the circulation flow rate becomes below 1 m 3 /h, the dross in the plating tank 1 1 1 remains in the plating tank 1 1 1 
to cause the generation of quality defects. Considering the above-described conditions, the circulation flow rate was 
selected to 5 m 3 /h. 

[01 59] The apparatus was used to conduct the hot-dip galvanizing to a steel strip. The generation of dross defects 
20 on the plated steel strip became zero, compared with around 2% of defect generation in conventional production line. 
Thus, the problem of dross adherence was completely solved. 



(Example 2) 

25 [0160] Example 2 used the apparatus shown in Fig. 15. The plating vessel 104 and the plating tank 111 had the 
same capacities and dimensions as those of Example 1. The hot-dip galvanizing to a steel strip was conducted at a 
fixed melt circulation flow rate of 5 m 3 /h, which was the same as Example 1. The generation of dross defects on the 
plated steel strip became zero, compared with around 2% of defect generation in conventional production line. Thus, 
the problem of dross adherence was completely solved. As a result, the steel strip traveling speed could be increased 

30 from conventional level of 100 m/min to 140 m/min. 

[0161] According to the Best Mode 2, the amount of dross generated during the hot-dip galvanizing on steel strip is 
reduced, the once-generated dross is prevented from deposition in the plating tank, and the dross is efficiently removed 
in the dross removing tank located below the plating tank. In addition, since the melt flows with very little flow resistance, 
there appears very little difference in liquid level between the plating tank and the dross removing tank. As a result, 

35 when the melt returns to the plating tank, very little top dross is generated. Consequently, the Best Mode 2 produces 
high quality hot-dip galvanized steel strip. 

[0162] The apparatus of the Best Mode 2 is a simple one only dividing a plating vessel into a plating tank at upper 
zone and a dross removing tank at lower zone. Accordingly, the investment cost reduces. The apparatus solves several 
problems such as the investment cost problem accompanied with melt transfer to a distant tank, and the problems of 
40 solidification and leak of melt. 

[0163] Since the Best Mode 2 needs only a narrow zone for dross sedimentation and removal, the total plating ves- 
sel becomes small. Therefore, an existing facility is easily modified to implement the present invention. 



Best.Mode„3 

45 

[0164] The essentials of the Best Mode 3 are the following. 

[0165] The first embodiment is a method for hot-dip galvanizing characterized in that, on conducting hot-dip galva- 
nizing continuously to a steel strip by immersing the steel strip in a plating tank which contains a molten metal, a sepa- 
ration wall is located inside of the plating tank to divide into a plating zone where the steel strip is subjected to hot dip 

50 plating, and a dross removing zone where dross in the molten metal bath is removed, that the steel strip is subjected to 
plating in the plating zone, that the molten metal bath in the plating zone is transferred to the dross removing zone using 
a mechanical pump, then the dross is removed from the molten metal bath in the dross removing zone, that a solid 
phase metal for plating is dissolved in the dross removing zone, and that a supernatant bath after removed the dross in 
the dross removing zone is recycled to the plating zone having the same liquid level to each other via a weir on the sep- 

55 aration wall. 

[0166] The second embodiment is the method for hot-dip galvanizing described in the first embodiment, which 
method is characterized in that a heating device is located in the dross removing zone to conduct heating control so as 
the temperature of the molten metal bath in the plating zone to become a predetermined level. 
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[0167] The third embodiment is the method for hot-dip galvanizing described in the first embodiment or the second 
embodiment, which method is characterized in that the plating zone has a molten metal bath capacity of W1 , and the 
dross removing zone has a molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 
[0168] The fourth embodiment is the method for hot-dip galvanizing described in any one of the first through third 
embodiments, which method is characterized in that separation walls mounted in the plating tank divide the plating tank 
into a plating zone and two dross removing zones, that a mechanical pump is located to each of the dross removing 
zones to transfer the molten metal bath from the plating zone, that a weir is located to each of the dross removing zone 
to recycle the molten metal bath to the plating zone, that the mechanical pump mounted to the one dross removing zone 
transfers the molten metal bath from the plating zone to the dross removing zone to remove the dross, that the mechan- 
10 ical pump mounted to the other dross removing zone is stopped to let the dross deposited in the other dross removing 
zone discharge to outside the plating tank. 

[0169] The fifth embodiment is an apparatus for hot-dip galvanizing continuously to a steel strip by immersing the 
steel strip in a plating tank which contains a molten metal, which apparatus is characterized in that a separation wall is 
located in the plating tank to divide the plating tank into a plating zone where the steel strip is subjected to hot dip plat- 
15 ing, and a dross removing zone where dross is removed from the molten metal bath, and where a solid phase metal for 
plating is dissolved, that a mechanical pump which transfers the molten metal bath from the plating zone to the dross 
removing zone is located, and that a weir is located on the separation wall to transfer a supernatant bath of the molten 
metal bath after removed the dross in the dross removing zone to the plating zone having the same liquid level to that 
in the dross removing zone. 

20 [0170] The sixth embodiment is the apparatus for hot-dip galvanizing described in the fifth embodiment, which 
apparatus is characterized in that a heating device is located in the dross removing zone to conduct heating control so 
as the temperature of the molten metal bath in the plating zone to become a predetermined level. 
[01 71] The seventh embodiment is the apparatus for hot-dip galvanizing described in either the fifth embodiment or 
the sixth embodiment, which apparatus is characterized in that the plating zone has a molten metal bath capacity of W1 , 

25 and the dross removing zone has a molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 
[0172] The eighth embodiment is the apparatus for hot-dip galvanizing described in any one of the fifth through sev- 
enth embodiments, which apparatus is characterized in that separation walls are located in the plating tank to divide 
into a plating zone where the steel strip is subjected to hot dip plating, and two dross removing zones where dross is 
removed from the molten metal bath, that a mechanical pump which transfers the molten metal bath from the plating 

30 zone to the dross removing zone is located to each of the two dross removing zones, and that a weir is located to each 
of the separation walls that separate the plating zone from respective dross removing zones to transfer a supernatant 
bath of the molten metal bath after removed the dross in each of the dross removing zones to the plating zone. 
[0173] According to the Best Mode 3, the make up of zinc which was brought out by adhesion to the steel strip, or 
the dissolving solid phase zinc (ingot), is done in the dross removing zone. Thus, the plating zone receives the zinc in 

35 a form of liquid zinc from the dross removing zone. Consequently, the variations of temperature of the molten metal bath 
(melt) in the plating zone become less, which prevents the generation and growth of the dross in the plating zone. 
[0174] Since the melt containing dross in the plating zone is transferred to the dross removing zone using a 
mechanical pump, there occurs no problem of quality and operation, such as generation of fume and top dross, which 
are observed in the case of using a gas lift pump. In addition, the use of mechanical pump improves unstable transfer 

40 of the melt appearing in utilizing the flow accompanied with the traveling steel strip, and assures the transfer of melt 
from a portion of high concentration of dross to the dross removing zone at a necessary flow rate. 
[0175] Since the dross removing zone is separated by the separation walls from the plating zone, no agitation of the 
melt in the dross removing zone caused from the traveling steel strip occurs, so that the flow becomes calm to enhance 
the sedimentation of the dross. Furthermore, dissolvin g the ingot in the dross removing zone enhances the sedimenta- 

45 tion and removal of dross owing to the reduction of local melt temperature and to the changes in aluminum concentra- 
tion. With these two actions, the dross is efficiently and promptly removed in the dross removing zone. 
[0176] The supernatant bath after removing dross in the dross removing zone is preferentially recycled to the plat- 
ing zone via the weir located on the separation wall. Since the liquid level of the dross removing zone and that of the 
plating zone are equal, no top dross is generated in the plating zone on recycling the supernatant bath. 

so [0177] The apparatus is a simple one only separating the plating zone from the dross removing zone. Accordingly, 
the apparatus is fabricated at a low investment cost, and solves several problems such as the investment cost problem 
accompanied with melt transfer to a distant tank, and the problems of solidification and leak of melt. 
[0178] According to the Best Mode 3, the heating device located in the dross removing zone conducts the control 
of melt temperature in the plating zone. When the heating device is located in the plating zone, it is preferable that the 

55 heating device generates only heat at a low output to ensure a constant temperature of the melt in the plating zone. In 
the plating zone, the hot melt does not contact the steel strip. As a result, the elution of iron from the steel strip is sup- 
pressed, and the generation of dross in the plating zone is reduced. 

[0179] If more than one heating device are installed in the dross removing zone, the heaving devices may be han- 



19 



EP 1 070 765 A1 

died as a single group to control the melt temperature in the plating zone. Alternatively, these heating devices may be 
separated to two groups, and the one group may conduct control of the melt temperature in the plating zone, while other 
group may conduct control of the melt temperature in the vicinity of the ingot-dissolving zone in the dross removing 
zone, thus assuring more reasonable heating of the total plating tank. 
5 [0180] When the suction opening of the mechanical pump in the plating zone is located at 500 mm or less of dis- 
tance from the bottom of the plating zone, the melt in the zone where the dross concentration is high and where the 
dross likely deposits in the plating tank can be preferentially transferred to the dross removing zone. Consequently, the 
effect of prevention of the dross deposition in the plating zone is further improved. 

[01 81] By locating the weir on the separation wail at 500 mm or less of depth below the bath surface, the melt near 
10 the bath surface having excellent cleanliness can be recycled to the plating zone. Accordingly, the cleanliness of the 
melt in the plating zone is further improved. The weir is most preferably in a shallow one such as a groove flow passage. 
[0182] When the capacity of the plating zone and the capacity of the dross removing zone are defined as W1 and 
W2, respectively, if W1/W2 becomes 0.2 or more, the effect of dross removal in the dross removing zone is further 
improved. If, however, W1/W2 exceeds 5, the effect of dross removal saturates, and the capacity of the plating zone 
15 increases, which increases the investment cost and the quantity of the molten metal. Therefore, W1/W2 is preferably in 
a range of from 0.2 to 5. 

[0183] When two dross removing zones are located in the plating tank, and when the melt is transferred from the 
plating zone to one dross removing zone, while the dross deposited in the other dross removing zone is discharged 
from the plating tank, thus discharging the deposited dross from the plating tank without stopping the plating operation 

20 and without giving influence to the quality of the plated portions. 

[0184] The Best Mode 3 is described referring to Figs. 16 and 17. Fig. 16 shows the plan view of the apparatus for 
hot-dip galvanizing of the Best Mode 3. Fig. 17(a) is the cross sectional view along A-A line, Fig. 17(b) is the cross sec- 
tional view along B-B line, Fig. 17(c) is the cross sectional view along C-C line (enlarged view), of Fig. 16. In these fig- 
ures, the reference number 201 is the snout, 202 is the sink roll, 203 is the molten metal bath (melt), 204 is the plating 

25 tank, 205 is the plating zone, 206 is the dross removing zone, 207 is the weir, and 210 is the mechanical pump. 

[0185] In the above-described apparatus, the steel strip S travels in the arrow direction to enter the plating zone 205 
through the snout 201 , and the steel strip S changes the travel direction around the sink roll 202, then is taken out from 
the molten metal bath 203. After being adjusted the coating weight in a coating weight controller (not shown), the steel 
strip S is cooled and subjected to a specified post-treatment to become a plated steel strip. The melt 203 containing the 

30 dross in the plating zone 205 is transferred to the dross removing zone 206 by the mechanical pump 210 to sediment 
and remove the dross in the dross removing zone 206, then the melt 203 is recycled to the plating zone 205 via the weir 
207. 

[0186] The plating tank 204 is divided into the plating zone 205 to conduct plating the steel strip S, and the dross 
removing zone 206 to sediment and remove the dross and to dissolve the ingot 213, by the separation wall 220 located 
35 in the plating tank 204. 

[0187] The plating zone 205 is provided with a pair of heating devices 231 and a thermometer 241. The dross 
removing zone 206 is provided with a heating device 232 at near the charge portion of the ingot 213. The heating 
devices 231 and 232 are induction heating devices. 

[0188] The pair of heating devices 231 heat the melt in the plating zone 205 and control the melt temperature to a 
40 specified level. The heating to dissolve the ingot 213 and the heating the melt 203 up to the operation temperature of 
the plating zone 205 are done by the heating device 232 in the dross removing zone 206 via the controller 236 so as 
the temperature detected by the thermometer 241 in the plating zone 205 to become a specified level. Since the make 
up of zinc which was brought out by adhesion to the steel strip S is not given in the plating zone 205, the temperature 
chang es in the melt 203 in the plating zone 205 is minimized. Furthermore, since the hot melt 203 ejected from the 
45 heating devices 231 does not contact the steel strip S, the elution of iron from the steel strip S is suppressed, and the 
generated amount of the dross is reduced. 

[01 89] A ceramics mechanical pump 21 0 for transferring the melt 203 from the plating zone 205 to the dross remov- 
ing zone 206 is mounted between the plating zone 205 and the dross removing zone 206. The suction opening 21 1 of 
the pump is preferably at 500 mm or less above the bottom of the plating zone. The apparatus of Fig. 16 has the pump 

so at near the bottom of the plating tank 204. The width of the suction opening 211 is wider by 400 mm than the shaft 
length of the sink roll 202. The configuration prevents the deposition of the dross on the edges of the roll. 
[0190] The mechanical pump means a pump such as a volute pump (centrifugal pump), a turbine pump, and a dis- 
placement pump, which transfers melt directly contacting the melt to working parts of the pump. The mechanical pump 
described here does not include a gas lift pump. 

55 [0191] The plating zone 205 and the dross removing zone 206 are only separated by a separation wall 220. Accord- 
ingly, the transfer distance of the dross becomes significantly short, and the problems of solidification and leak of melt 
203 during transfer are solved. If the pumping head of the melt 203 is increased, the melt disturbs the bath surface on 
splashing thereto, which generates large amount of top dross (zinc oxide). To prevent the phenomenon, the pumping 
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head is required to minimize. 

[0192] According to the apparatus of Fig. 16, the pump discharge opening.212 is located at near the bath surface 
in the dross removing zone 206, so that the dross generation caused from the disturbance on the bath surface is 
avoided. In addition, since the transfer passage of the melt 203 is substantially not located outside the tank, there 
5 occurs no problem of solidification and leak of the melt 203 during the melt transfer. 

[0193] In the dross removing zone 206, dissolving the ingot 213 and sedimentation and removal of the bottom dross 
214 are carried out. The dross removing zone 206 is provided with the separation walls 221 , 222 to efficiently dissolve 
the ingot 21 3 and to sediment and remove the bottom dross 214. 

[0194] The separation walls 221 , 222 uniformize the flow of melt 203 in the dross removing zone 206, thus improv- 
10 ing the efficiency of sedimentation and removal of the dross. Adding to the action, the local melt temperature and the 
aluminum concentration changes accompanied with the ingot dissolving are increased, thus enhancing the sedimenta- 
tion and removal of the dross. 

[0195] The weir 207 on the separation wall 222 is preferably located at 500 mm or less below the bath surface. The 
apparatus of Fig. 16 has the weir 207 at near the bath surface. The dissolved ingot melt is mixed to the flow, and the 

15 supernatant bath in the vicinity of the bath surface having high cleanliness after sedimented and removed the dross 
preferentially overflows from the weir 207 to return to the plating zone 205. Since the melt flows with very little flow 
resistance, there appears very little difference in liquid level between the plating zone 205 and the dross removing zone 
206. As a result, when the melt 203 returns to the plating zone 205, no top dross is generated. 
[0196] The expression that the same bath level in both the dross removing zone and the plating zone, referred in 

20 the present invention, includes not only the same level in both zones but also the case that, even if a difference in liquid 
level exists, no generation of top dross which induces quality degradation occurs on returning the melt 203 from the 
dross removing zone 206 to the plating zone 205, furthermore, includes the case that the transfer is carried out in liquid- 
filled state without containing gas phase. 

[0197] In the apparatus shown in Fig. 16, the plating zone 205 has 15 m 3 in capacity, and the dross removing zone 
25 206 has 1 2 m 3 in capacity and 2 m in depth. In the apparatus of Fig. 1 6, the quantity of the melt transferred by the pump 
is the circulation flow rate. Since the target dross for removal has a sedimentation speed of 1 m/h, if the retention time 
necessary for sedimentation and removal of the dross in the melt 203 in the dross removing zone 206 is assumed as 2 
hours, the circulation flow rate of 6 m 3 /h is sufficient. However, since the apparatus of Fig. 16 does not establish perfect 
uniformized flow in the dross removing zone 206, the time necessary for sedimenting the dross is assumed as double 
30 the above-described time, to set 4 hours of retention time. Thus, the apparatus of Fig. 16 sets the circulation flow rate 
to 3 m 3 /h. 

[0198] The apparatus of Fig. 16 has the capacity of the plating zone 205 larger than that of the dross removing zone 
206. The capacity of the plating zone is preferably minimum. Even when the capacity of the plating zone 205 is reduced, 
the capacity of the dross removing zone 206 is preferably not reduced. If the capacity of the dross removing zone 206 

35 is significantly larger than that of the plating zone 205, the necessary dross removal is able to be conducted in the dross 
removing zone 206 under an increased circulation flow rate. Since the increased circulation flow rate assures the agi- 
tation in the plating zone 205, the effect to prevent the deposition of the dross in the plating zone 205 is improved. By 
increasing the capacity of the dross removing zone 206, the effect of sedimentation and removal of dross in the dross 
removing zone 206 is improved. 

40 [0199] When the plating zone has a molten metal bath capacity of W1 , and the dross removing zone has a molten 
metal bath capacity of W2, W1/W2 is preferably in a range of from 0.2 to 5. 

[0200] Another embodiment of the present invention is described referring to the apparatus for hot-dip galvanizing 
shown in Figs. 18 through 21 . In these figures, the same portions explained in Figs. 16 and 17 have the same respective 
reference numbers. The mechanical pump for transferrin g the melt is the mechanical pump having suction and dis- 

45 charge openings similar to those of the apparatus of Figs. 1 6 and 1 7. The heating device is an induction heating device. 
[0201] The apparatus shown in Fig. 18 has the plating tank 204 which is divided into the plating zone 205 and the 
dross removing zone 206 by the separation walls 220a, 220b, 220c located in the plating tank 204. The dross removing 
zone 206 is provided with plates 222b, 222c to uniformize the melt flow. The plating zone 205 is provided with the heat- 
ing device 231. The dross removing zone 206 is provided with the heating device 232 at near the ingot-dissolving por- 

so tion. The plating tank 204 is provided with the heating devices 233a, 233b at the respective side walls 204b. The plating 
zone 205 is provided with a thermometer 241 . The dross removing zone 206 is provided with a thermometer 242. 
[0202] Similar with the case of Figs. 16 and 17, the apparatus of Fig. 18 uses the heating device 231 to control the 
melt temperature in the plating zone 205 to a constant level, and the heating devices 232, 233a, 233b of the dross 
removing zone 206 heat the ingot to dissolve and heat the melt 203 up to the operation temperature and control the 

55 temperature level. As for the dissolving the ingot and the heating of melt to the operation temperature of the plating zone 
205, the controller 236 is applied to control each heating device by gathering the heating devices 232, 233a, 233b as 
one group, based on the melt temperature of the plating zone 205 detected by the thermometer 241, or alternatively, 
the heating devices 233a, 233b are gathered to form the first group, and the heating device 232 is set as the second 
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group, then the controller 236 controls the output of the first group, or the heating devices 233a and 233b, based on the 
melt temperature in the plating zone detected by the thermometer 241, while the output of the second group, or the 
heater 232, is adjusted on the basis of the melt temperature in the dross removing zone 206 detected by the thermom- 
eter 242. With the heating and controlling as in the latter case, the sedimentation of dross in the dross removing zone 
5 206 is enhanced without influencing the operation in the plating zone 205. Thus, further reasonable heating of the melt 
in the plating tank 204 can be achieved. 

[0203] The melt transferred from the plating zone 205 is further transferred to the dross removing zone 206 by the 
mechanical pump 210. While the melt flows in the dross removing zone 206 in the arrow direction shown in Fig. 18, and 
the dross is sedimented and removed. The supernatant bath after sedimented and removed the dross is recycled to the 
10 plating zone 205 through the weirs 207 which are located on the respective separation walls 220b, 220c, at near the 
bath surface toward the side wall 204c of the plating tank 204. 

[0204] According to the apparatus of Fig. 1 8, the dross removing zone 206 is located to cover the three sides of the 
plating zone 205, thus increasing the capacity of the dross removing zone 206 to prolong the time for sedimentation and 
removal of dross as well as to further reduce the heating of the plating zone 205 by the heating device 231 . Accordingly, 
15 the generation of dross in the plating zone 205 is further decreased, and the sedimentation and removal of dross in the 
dross removing zone 206 is further improved. The apparatus is effective in the case that the sedimentation and removal 
of the bottom dross is required as preferential action. 

[0205] According to the apparatus of Fig. 1 9, the plating tank 204 is divided into the plating zone 205 and two dross 
removing zones 206a, 206b. The melt circulation means is located between the plating zone 205 and each of the dross 
20 removing zones 206a and 206b. That is, the plating tank 204 is divided into the plating zone 205 and the dross removing 
zones 206a and 206b by the plurality of separation walls 220a, 220b, 220c, 224 located in the plating tank 204. The melt 
is transferred from the plating zone 205 to the dross removing zones 206a, 206b via respective mechanical pumps 
210a, 210b. 

[0206] The dross removing zones 206a, 206b are provided with respective L-shape separation walls 222d, 222e to 
25 allow the dissolving the ingot 213 and to avoid the melt transferred by the mechanical pumps 210a, 210b from forming 
a short cut flow. In addition, weirs 207a, 207b are located on the respective separation walls 220b, 220c at near the bath 
surface toward the side wall 204 in the plating tank 204. 

[0207] The plating zone 205 is provided with the heating device 231. The dross removing zones 206a, 206b are 
provided with the respective heating devices 232a, 232b at near the ingot dissolving portion. The plating zone 205 is 

30 provided with the thermometer 241 . The dross removing zones 206a, 206b are provided with respective thermometers 
242a, 242b. The controller 236 dissolves the ingot using the heating device 232a or 232b on the basis of the melt tem- 
perature in the plating zone 205 detected by the thermometer 241 and heats the melt 203 up to the operation temper- 
ature of the plating zone 205 and controls the melt temperature at the level. The controller 236 also controls the melt 
temperature in the dross removing zones 206a or 206b, separately, using the heating device 232a or 232b, on the basis 

35 of the melt temperature in the dross removing zone 206 detected by the thermometer 242a or 242b mounted in the 
dross removing zone 206. 

[0208] The melt transferred from the plating zone 205 is further transferred to the dross removing zone 206a or 
206b by the mechanical pump 21 0a or 21 0b, respectively. While the melt flows in the dross removing zone 206a or 206b 
in the arrow direction shown in Fig. 18, the dross is sedimented and removed. The supernatant bath after sedimented 

40 and removed the dross is recycled to the plating zone 205 through the weirs 207a or 207b which are located on the 
respective separation walls 220b, 220c, at near the bath surface toward the side wall 204c of the plating tank 204. 
[0209] Since continuous plating operation induces deposition of bottom dross in the dross removing zone where 
the melt is circulated using the mechanical pump, the deposited bottom dross has to be taken out from the plating tank 
204. If the platin g o peration is sto p ped to brin g out the de posited dross, the productivit y is degraded. 

45 [021 0] The apparatus of Fig. 1 9 avoids the above-described problem by alternately transferring the melt to either of 
the dross removing zones 206a and 206b. That is, the melt is transferred between the plating zone and either of the 
dross removing zones 206a and 207b, alternately. During the period that one dross removing zone conducts the sedi- 
mentation and removal of dross, the other dross removing zone can cany out the discharge of the deposited bottom 
dross from the plating tank using a Wellman scoop or the like, (hereinafter the work is referred to as "dressing "), which 

so allows the continuous plating operation. 

[0211] In this case, the melt temperature in the plating zone 205 is heated by the heating device 231 to a stable 
level. Based on the temperature of the plating zone 205 detected by the thermometer 241 , the heating device located 
in the dross removing zone where the melt is transferred conducts the ingot-dissolving and the melt-heating up to the 
operation temperature of the plating zone. As for the melt temperature in the dross removing zone where the drossing 

55 is conducted, the heating device located in the zone is used to control the temperature on the basis of the melt temper- 
ature in the dross removing zone detected by the thermometer in the zone. 

[0212] If the liquid in the plating zone 205 does not overflow the weirs 207a, 207b in case of pump stop, and if the 
pump of the drossing side is stopped, the liquid level of the dross removing zone where the drossing is conducted 
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reduces down to the level of the weir of the zone, thus eliminating the mixing of melts between the plating zone 205 and 
the dross removing zone where the dressing is conducted. As a result, even if the dressing induces stirring up the bot- 
tom dross in the dross removing zone, no influence is given to the plating zone 205. After cleaned the dross in the dross 
removing zone, and after sedimenting the fine dross which was not removed after a predetermined time has passed, 
the melt transfer to the cleaned dross removing zone may be resumed. 

[0213] The apparatus of Fig. 19 controls separately the melt temperature of the dross removing zone during the 
pump is stopped. During the pump is stopped, the melt temperature in the dross removing zone is reduced, and the 
dross in the melt is sufficiently deposited and sedimented, and is removed, after that, dressing is given. The procedure 
assures efficient removal of bottom dross. 
10 [0214] In hot-dip galvanizing, the composition of the dissolving ingot may be changed to change the composition of 
the melt 203 in the plating zone 205. According to the apparatus of Fig. 19, an ingot having different composition from 
that of the melt in the dross removing zone may be dissolved during the pump is stopped, thus allowing prompt change 
of the composition of the melt 203 in the plating zone 205. 

[021 5] According to the apparatus of Fig. 20, the plating tank 204 is divided into the plating zone 205 and the dross 

15 removing zone 206 by the separation wall 220d. The dross removing zone 206 is further divided into the main zone 
206c which conducts sedimentation and removal of dross and conducts the dissolving of ingot 21 3, and the melt reser- 
voir zone 206d which conducts sedimentation and removal of dross that was not sedimented and removed in the main 
zone 206c and which temporarily holds the melt after dissolving the ingot to be transferred to the plating zone 205. The 
weir 207 is located on the separation wall 220d at near the liquid surface toward a side wall of the plating tank 204. The 

20 weir 208 is located on the separation wall 225 at near the liquid surface toward a side wall of the plating tank 204. 
[0216] The plating zone 205 is provided with a pair of heating devices 231 . The main zone 206c is provided with a 
heating device 232 at near the ingot charge portion. The heating device 231 heats the melt to a specified temperature. 
On the basis of the melt temperature detected by the thermometer 241 in the plating zone 205, the heating device 232 
dissolves the ingot and heats the melt up to the operation temperature of the plating zone 205 using the controller 236. 

25 [0217] The melt transferred from the plating zone 205 by the pump 210 separates the dross by sedimentation and 
removal in the main zone 206c. The ingot 213 is dissolved in the main zone 206c. Then, the melt in the main zone 206c 
enters the melt reservoir zone 206d via the weir 208. If the composition of the ingot 213 to be dissolved is changed, the 
presence of the melt reservoir zone 206d prevents sudden change in composition of the plating zone 205. 
[0218] The apparatus of Fig. 21 has the separation wall 226 to place the plating zone 205 above the dross removing 

30 zone 206. Fig. 21(a) is the plan view of the apparatus. Fig. 21(b) is the cross sectional view along A-A line of Fig. 21(a). 
Fig. 21(c) is the cross sectional view along B-B line of Fig. 21(a). The weir 207 is located on the separation wall 226 at 
near the bath surface and at rear side of the snout 201. The dross removing zone 206 is provided with the heating 
device 232 at near the ingot dissolving portion. The plating tank 204 is provided with the heating devices 233a, 233b at 
respective side walls thereof. The plating zone 205 is provided with the thermometer 241 . The dross removing zone 206 

35 is provided with the thermometer 242. 

[0219] According to the apparatus, all the supply of heat to compensate the heat emissions from the plating zone 
205 and the heating for ingot-dissolving and the heating of melt 203 up to the operation temperature of the plating zone 
205 are given by the heating devices 232, 233a, 233b in the dross removing zone 206. As for the dissolving the ingot 
and the heating of melt 203 up to the operation temperature of the plating zone 205, the heaving devices 232, 233a, 

40 233b may be handled as a single group using the controller 236 on the basis of the melt temperature of the plating zone 
205 detected by the thermometer 241 . Alternatively, these heating devices may be separated into two groups (the first 
group consisting of 233a, 233b, and the second group consisting of 232), and the controller 236 is applied to control the 
output of the first group heating devices 233a, 233b on the basis of the melt temperature in the plating zone detected 
by the thermometer 241 , while the output of the second group heating device 232 is adjusted on the basis of the melt 

45 temperature in the dross removing zone 206 detected by the thermometer 242. 

[0220] The melt 203 in the plating zone 205 is transferred to the dross removing zone 206 by the mechanical pump 
210. While the melt flows in the dross removing zone 206 in the arrow direction shown in Fig. 21, the dross is sedi- 
mented and removed. The supernatant bath after sedimented and removed the dross is recycled to the plating zone 
205 through the weir 207 which is located on the separation wall 226 at near the bath surface and at rear side of the 

50 snout 201 . 

[0221] The apparatus of Fig. 21 is possible to increase the capacity of the dross removing zone 206. Accordingly, 
the retention time for sedimenting and removing the bottom dross in the dross removing zone 206 is secured to a suf- 
ficiently long period. 

[0222] According to the present invention, when what is called the "tandem pot" plating apparatus is installed hav- 
55 ing plurality of plating tanks for producing different kinds of hot-dip galvanized steel strips each having significantly dif- 
ferent compositions of coating films, the plurality of plating tanks may be installed on a single vehicle for assuring quick 
replacement of the applied plating tanks, and for simultaneously moving there each. 

[0223] According to the Best Mode 3, the amount of dross generated during the hot-dip galvanizing on steel strip is 
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reduced, the once-generated dross is prevented from deposition in the plating tank, and the dross is efficiently removed 
in the dross removing tank located below the plating tank. Consequently, the quality defects caused from the dross 
adherence to the steel strip are reduced. The Best Mode 3 allows to produce high quality hot-dip galvanized steel strip. 
[0224] Since the apparatus of the Best Mode 3 has no additional tank for removing the dross, an existing facility 

5 may be modified to apply the present invention. The apparatus is a simple and inexpensive one, and solves several 
problems such as solidification and leak of melt. Furthermore, the apparatus does not induce additional operational and 
quality problems accompanied with the transfer of melt, which are encountered in gas lift pump application. 
[0225] According to the Best Mode 3, the presence of plurality of dross removing zones assures the discharge of 
bottom dross deposited in the dross removing zone to outside the plating tank without stopping the plating operation. 

10 [0226] In addition, even when the plurality of plating tanks are installed for producing different grades of hot-dip gal- 
vanized steel strips, the apparatus according to the Best Mode 3 is advantageous owing to the small space for installa- 
tion. 

Best Mode 4 

15 

[0227] The essentials of Best Mode 4 are the following. 

[0228] The first embodiment is a method for hot-dip galvanizing, on conducting hot-dip galvanizing continuously to 
a steel strip via a sink roll located in a plating tank which contains a molten metal by immersing the steel strip therein 
and by traveling the steel strip therethrough, which method is characterized in that a separation wall is located inside of 

20 the plating tank to divide the plating tank into a placing zone where the steel strip is subjected to hot dip plating, and a 
dross removing zone where dross in the molten metal bath is removed, thus conducting plating to the steel strip in the 
plating zone, that the molten metal bath above the sink roll in the plating zone is transferred to the dross removing zone 
using a mechanical pump, that the dross is removed from the molten metal bath in the dross removing zone, and a solid 
metal for plating is dissolved in the dross removing zone, and that a weir is located on the separation wall, through which 

25 weir a supernatant bath after removed the dross in the dross removing zone is recycled to the plating zone having the 
same bath surface level with that in the dross removing zone. 

[0229] The second embodiment is the method for hot-dip galvanizing described in the first embodiment, which 
method is characterized in that a heating device is located in the dross removing zone to conduct heating control so as 
the temperature of the molten metal bath in the plating zone to become a predetermined level. 

30 [0230] The third embodiment is the method for hot-dip galvanizing described in the first embodiment or the second 
embodiment, which method is characterized in that the plating zone has a molten metal bath capacity of W1 , and the 
dross removing zone has a molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 
[0231] The fourth embodiment is an apparatus for hot-dip galvanizing, on conducting hot-dip galvanizing continu- 
ously to a steel strip via a sink roll located in a plating tank which contains a molten metal by immersing the steel strip 

35 therein and by traveling the steel strip therethrough, which apparatus is characterized in that a separation wall is located 
inside of the plating tank to divide the plating tank into a placing zone where the steel strip is subjected to hot dip plating, 
and a dross removing zone where dross in the molten metal bath is removed and a sold phase metal for plating is dis- 
solved therein, thus conducting plating to the steel strip in the plating zone, that the molten metal bath above the sink 
roll in the plating zone is transferred to the dross removing zone using a mechanical pump, and that a weir is located 

40 on the separation wall, through which weir the supernatant bath after removed the dross in the dross removing zone is 
recycled to the plating zone having the same bath surface level with that in the dross removing zone. 
[0232] The fifth embodiment is the apparatus for hot-dip galvanizing described in the fourth embodiment, which 
apparatus is characterized in that a heating device is located in the dross removing zone to conduct heating control so 
as the temperature of the molten metal bath in the plating zone to become a predetermined level. 

45 [0233] The sixth embodiment is the apparatus for hot-dip galvanizing described in the fourth embodiment or the fifth 
embodiment, which apparatus is characterized in that the plating zone has a molten metal bath capacity of W1, and the 
dross removing zone has a molten metal bath capacity of W2, wherein W1/W2 is in a range of from 0.2 to 5. 
[0234] According to the Best Mode 4, the make up of zinc which was brought out by adhesion to the steel strip, or 
the dissolving solid phase zinc (ingot), is done in the dross removing zone. Thus, the plating zone receives the zinc in 

so a form of liquid zinc from the dross removing zone. Consequently, the variations of temperature of the molten metal bath 
(melt) in the plating zone become less, which prevents the generation and growth of the dross in the plating zone. 
[0235] Since the melt containing dross in the plating zone is transferred to the dross removing zone using the 
mechanical pump, there occurs no problem of quality and operation, such as generation of fume and top dross, which 
are observed in the case of using a gas lift pump. In addition, the use of mechanical pump improves unstable transfer 

55 of the melt appearing in utilizing the flow accompanied with the traveling steel strip, and assures the transfer of melt 
from a portion of high concentration of dross to the dross removing zone at a necessary flow rate. 
[0236] Since the dross removing zone is separated by the separation wall from the plating zone, no agitation of the 
melt in the dross removing zone caused from the traveling steel strip occurs, so that the flow becomes calm to enhance 
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the sedimentation of the dross. Furthermore, dissolving the ingot in the dross removing zone enhances the sedimenta- 
tion and removal of dross owing to the reduction of local melt temperature and to the changes in aluminum concentra- 
tion. With these two actions, the dross is efficiently and promptly removed in the dross removing zone. 
[0237] The supernatant bath after removing dross in the dross removing zone is preferentially recycled to the plat- 

5 ing zone via the weir located on the separation wall. Since the liquid level of the dross removing zone and that of the 
plating zone are equal, no top dross is generated in the plating zone on recycling the supernatant bath. 
[0238] The apparatus is a simple one only separating the plating zone from the dross removing zone. Accordingly, 
the apparatus is fabricated at a low investment cost, and solves several problems such as the investment cost problem 
accompanied with melt transfer to a distant tank, and the problems of solidification and leak of melt. 

10 [0239] According to the Best Mode 4, the heating device located in the dross removing zone conducts the control 
of melt temperature in the plating zone. When the heating device is located in the plating zone, it is preferable that the 
heating device generates only heat at a low output to ensure a constant temperature of the melt in the plating zone. In 
the plating zone, the hot melt does not contact the steel strip. As a result, the elution of iron from the steel strip is sup- 
pressed to reduce the generation of bottom dross, and the effect to prevent the deposition of dross in the plating zone 

15 is further improved. 

[0240] If more than one heating device are installed in the dross removing zone, the heaving devices may be han- 
dled as a single group to control the melt temperature in the plating zone. Alternatively, these heating devices may be 
separated into two groups, and the one group may conduct control of the melt temperature in the plating zone, while 
other group may conduct control of the melt temperature in the vicinity of the ingot-dissolving zone in the dross remov- 

20 ing zone, thus assuring more reasonable heating of the total plating tank. 

[0241] Since the portion above the sink roll in the plating zone is in a state of less exchange of bath, the concentra- 
tion of dross likely increases. If the suction opening of the mechanical pump is located in the portion, the molten metal 
bath of higher concentration portion is preferentially transferred to the dross removing zone. Thus, the effect of prevent- 
ing dross deposition in the plating zone and the effect of preventing dross adhesion to the steel strip are further 

25 improved. In addition, the dross is further effectively sedimented and removed in the dross removing zone. The suction 
opening is preferably located within 500 mm above the sink roll and within the width of the sink roll. 
[0242] By locating the weir on the separation wall at 500 mm or less of depth below the bath surface, the melt near 
the bath surface having excellent cleanliness can be preferentially recycled to the plating zone. Accordingly, the clean- 
liness of the melt in the plating zone is further improved. The weir is most preferably in a shallow one such as a groove 

30 flow passage. 

[0243] When the capacity of the plating zone and the capacity of the dross removing zone are defined as W1 and 
W2, respectively, if W1/W2 becomes 0.2 or more, the effect of dross removal in the dross removing zone is further 
improved. If, however, W1/W2 exceeds 5, the effect of dross removal saturates, and the capacity of the plating zone 
increases, which increases the investment cost and the quantity of the molten metal. Therefore, W1/W2 is preferably in 
35 a range of from 0.2 to 5. 

[0244] The Best Mode 4 is described referring to Figs. 22 and 23. Fig. 22 shows the plan view of the apparatus for 
hot-dip galvanizing of the Best Mode 4. Fig. 23 shows the cross sectional views of the apparatus for hot-dip galvanizing 
of Fig. 22. Fig. 23(a) is the cross sectional view along A-A line. Fig. 23(b) is the cross sectional view along B-B line. Fig. 
23(c) is the cross sectional view along C-C line. 
40 [0245] In these figures, the reference number 301 is the snout, 302 is the sink roll, 303 is the molten metal bath 
(melt), 304 is the plating tank, 305 is the plating zone, 306 is the dross removing zone, 307 is the weir, and 310 is the 
mechanical pump. 

[0246] In the above-described apparatus, the steel strip S travels in the arrow direction to enter the plating zone 305 
throu g h the snout 301 , and the steel strip S changes the travel direction around the sink roll 302, then is take n out from 



45 the molten metal bath 303. After being adjusted the coating weight in a coating weight controller (not shown), the steel 
strip S is cooled and subjected to a specified post-treatment to become a plated steel strip. The melt 303 containing the 
dross in the plating zone 305 is transferred to the dross removing zone 306 by the mechanical pump 310 to sediment 
and remove the dross in the dross removing zone 306, then the melt 303 is recycled to the plating zone 305 via the weir 
307. 

50 [0247] The plating tank 304 is divided into the plating zone 305 to conduct plating the steel strip S, and the dross 
removing zone 306 to sediment and remove the dross and to dissolve the ingot 313, by the separation wall 320 located 
in the plating tank 304. 

[0248] The plating zone 305 is provided with a pair of heating devices 331 and a thermometer 341. The dross 
removing zone 306 is provided with a heating device 332 at near the charge portion of the ingot 313. The heating 
55 devices 331 , 332 are induction heating devices. 

[0249] The pair of heating devices 331 heat the melt in the plating zone 305 and control the melt temperature to a 
specified level. The heating to dissolve the ingot 313 and the heating the melt 303 up to the operation temperature of 
the plating zone 305 are done by the heating device 332 in the dross removing zone 306 via the controller 336 so as 
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the temperature detected by the thermometer 341 in the plating zone 305 to become a specified level. Since the make 
up of zinc which was brought out by adhesion to the steel strip S is not given in the plating zone 305, the temperature 
changes in the melt 303 in the plating zone 305 is minimized. Furthermore, since the hot melt 303 ejected from the 
heating devices 331 does not contact the steel strip S, the elution of iron from the steel strip is suppressed, and the gen- 

5 erated amount of the bottom dross is reduced. 

[0250] A ceramics mechanical pump 31 0 for transferring the melt 303 from the plating zone 305 to the dross remov- 
ing zone 306 is mounted between the plating zone 305 and the dross removing zone 306. The suction opening 31 1 of 
the pump is preferably located within 500 mm above the sink roll and within the width of the sink roll. Since the melt 303 
in a zone of high dross concentration in the plating zone 305 is efficiently sucked, the dross deposition in the plating 

10 zone 305 is prevented. 

[0251] The mechanical pump means a pump such as a volute pump (centrifugal pump), a turbine pump, and a dis- 
placement pump, which transfers melt directly contacting the melt to working parts of the pump. The mechanical pump 
described here does not include a gas lift pump. 

[0252] If the pumping head of the melt 303 is increased, the melt 303 disturbs the bath surface on splashing thereto, 
is which generates large amount of top dross (zinc oxide). To prevent the phenomenon, the pumping head is required to 
minimize. According to the apparatus of Fig. 22, the pump discharge opening 312 is located at near the bath surface in 
the dross removing zone 306, so that the dross generation caused from the disturbance on the bath surface is avoided. 
In addition, since the plating zone 305 and the dross removing zone 306 are separated from each other by the separa- 
tion wall 320, the transfer distance of the melt 303 is short. Thus, there occurs no problem of solidification and leak of 
20 the melt 303 during the melt transfer. 

[0253] In the dross removing zone 306, dissolving the ingot 31 3 and sedimentation and removal of the bottom dross 
314 are carried out. The dross removing zone 306 is provided with the separation walls 321 , 322 to efficiently sediment 
and remove the bottom dross 314 without fail. 

[0254] The separation walls 321 , 322 uniformize the flow of melt 303 in the dross removing zone 306, thus improv- 
25 ing the efficiency of sedimentation and removal of the dross. Adding to the action, the local melt temperature and the 
aluminum concentration changes accompanied with the ingot dissolving are increased, thus enhancing the sedimenta- 
tion and removal of the dross. 

[0255] The weir 307 on the separation wall 322 is preferably located at 500 mm or less below the bath surface. The 
apparatus of Fig. 22 has the weir 307 at near the bath surface. The dissolved ingot melt is mixed to the flow, and the 

30 supernatant bath in the vicinity of the bath surface having high cleanliness after sedimented and removed the dross 
preferentially overflows from the weir 307 to return to the plating zone 305. Since the melt 303 flows with very little flow 
resistance, there appears very little difference in the level of melt 303 between the plating zone 305 and the dross 
removing zone 306. As a result, when the melt 303 returns to the plating zone 305, no top dross is generated. 
[0256] The expression that the same bath level in both the dross removing zone and the plating zone, referred in 

35 the present invention, includes not only the same level in both zones but also the case that, even if a difference in liquid 
level exists, no generation of top dross which induces quality degradation occurs on returning the melt 303 from the 
dross removing zone 306 to the plating zone 305, furthermore, includes the case that the transfer is carried out in liquid- 
filled state without containing gas phase. 

[0257] In the apparatus shown in Fig. 22, the plating zone 305 has 15 m 3 in capacity and 3 m in depth, and the 
40 dross removing zone 306 has 12 m 3 in capacity and 2 m in depth. In the apparatus of Fig. 22, the quantity of the melt 
transferred by the pump is the circulation flow rate. Since the target dross for removal has a sedimentation speed of 1 
m/h, if the retention time necessary for sedimentation and removal of the dross in the melt 303 in the dross removing 
zone 306 is assumed as 2 hours, the circulation flow rate of 6 m 3 /h is sufficient. However, since the apparatus of Fig. 
22 does not establish perfect uniformized flow in the dross removing zone 306, the time necessary for sedimenting the 
45 dross is assumed as double the above-described time, to set 4 hours of retention time. Thus, the apparatus of Fig. 22 
sets the circulation flow rate to 3 m 3 /h. 

[0258] When the pump suction opening 311 was located excessively near to the sink roll 302 in the plating tank 
304, the contact between the suction opening and the sink roll gave flaws on the sink roll. When the pump suction open- 
ing 31 1 was located at a distance of 500 mm or more from the sink roll, the dross floating in the vicinity of the sink roll 
so could not be sucked. Consequently, the suction opening 31 1 was set at 300 mm directly above the sink roll. The width 
of the suction opening 31 1 was set within the maximum width of the steel strip S. 

[0259] The apparatus of Fig. 22 has the capacity of the plating zone 305 larger than that of the dross removing zone 
306. The capacity of the plating zone 305 is preferably minimum. Even when the capacity of the plating zone 305 is 
reduced, the capacity of the dross removing zone 306 is preferably not reduced. If the capacity of the dross removing 
55 zone 306 is significantly larger than that of the plating zone 305, the necessary dross removal is able to be conducted 
in the dross removing zone 306 under an increased circulation flow rate. Since the increased circulation flow rate 
assures the agitation in the plating zone 305, the effect to prevent the deposition of the dross in the plating zone 305 is 
improved. By increasing the capacity of the dross removing zone 306, the effect of sedimentation and removal of dross 
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in the dross removing zone 306 is improved. 

[0260] When the plating zone 305 has a molten metal bath capacity of W1 , and the dross removing zone has a mol- 
ten metal bath capacity of W2, W1/W2 is preferably in a range of from 0.2 to 5. 

[0261] Another embodiment of the Best Mode 4 is described referring to the apparatus for hot-dip galvanizing 
5 shown in Fig. 24. In the figure, the same portions explained in Figs. 22 and 23 have the same respective reference num- 
bers. The mechanical pump for transferring the melt is the mechanical pump having suction and discharge openings 
similar to those of the apparatus of Figs. 22 and 23. The heating device is an induction heating device. 
[0262] The apparatus of Fig. 24 is provided with a separation wall 326 to let the plating zone 305 positioning above 
the dross removing zone 306. Fig. 24(a) is the plan view of the apparatus. Fig. 24(b) is the cross sectional view along 
10 A-A line of Fig. 24(a). Fig. 24(c) is the cross sectional view along B-B line of Fig. 24(a). The weir 307 is located on the 
separation wall 326 at near the bath surface and rear side of the snout 301 . The heating device 332 is located at near 
the ingot-dissolving portion, and the heating devices 333a, 333b are located on respective side walls of the plating tank 
304. The plating zone 305 is provided with a thermometer 341, and the dross removing zone 306 is provided with a 
thermometer 342. 

15 [0263] According to the apparatus, all of the heating of the melt 303 in the plating zone 305 to maintain a specified 
level, the heating of the ingot to melt, and the heating of the melt 303 up to the operation temperature of the plating zone 
305 are conducted by the heating devices 332, 333a, 333b in the dross removing zone 306. As for the dissolving of the 
ingot and for the heating of the melt 303 up to the operation temperature in the plating zone 306, the controller 336 is 
applied to control the heating devices by gathering the heating devices 332, 333a, 333b as one group, based on the 

20 melt temperature of the plating zone 305 detected by the thermometer 341 , or alternatively, the heating devices 333a, 
333b are gathered to form the first group, and the heating device 332 is set as the second group, then the controller 336 
controls the output of the first group, or the heating devices 333a and 333b, based on the melt temperature in the plating 
zone 305 detected by the thermometer 341 , while the output of the second group, or the heater 332, is adjusted on the 
basis of the melt temperature in the dross removing zone 306 detected by the thermometer 342. 

25 [0264] The melt 303 in the plating zone 305 is transferred to the dross removing zone 306 by the mechanical pump 
310. While the melt 303 flows in the arrow direction shown in Fig. 24 at sides and below the plating zone 305 in the 
dross removing zone 306, and the dross is sedimented and removed. The supernatant bath after sedimented and 
removed the dross is recycled to the plating zone 305 through the weir 307 which is located on the separation wall 326 
at rear side of the snout 301. 

30 [0265] Since the apparatus of Fig. 24 allows to secure a large capacity of the dross removing zone 306, the reten- 
tion time for sedimentation and removal of bottom dross is sufficient in the dross removing zone 306. 
[0266] According to the Best Mode 4, when what is called the "tandem pot" plating apparatus is installed having plu- 
rality of plating tanks for producing different grades of hot-dip galvanized steel strips each having significantly different 
compositions of coating films, the plurality of plating tanks may be installed on a single vehicle for assuring quick 

35 replacement of the applied plating tanks, and for simultaneously moving thereeach. 

[0267] According to the Best Mode 4, the amount of dross generated during the hot-dip galvanizing on steel strip is 
reduced, the once-generated dross is prevented from deposition in the plating tank, and the dross is efficiently removed 
in the dross removing tank located below the plating tank. Consequently, the quality defects caused from the dross 
adherence to the steel strip are reduced. The Best Mode 4 allows to produce high quality hot-dip galvanized steel strip. 

40 [0268] The apparatus of the Best Mode 4 has no additional tank for removing the dross, an existing facility may be 
modified to apply the present invention. The apparatus is a simple and inexpensive one, and solves several problems 
such as solidification and leak of melt occurred accompanied with the transfer of melt. Furthermore, the apparatus does 
not induce additional operational and quality problems accompanied with the transfer of melt, which are encountered in 

g as lift pum p ap plication. . 

45 [0269] In addition, even when the plurality of plating tanks are installed for producing different grades of hot-dip gal- 
vanized steel strips, the apparatus according to the Best Mode 4 is advantageous owing to the small space for installa- 
tion. 

Best Mode 5 

so 

[0270] The essentials of the Best Mode 5 are the following. 

[0271] The first embodiment is a method for hot-dip galvanizing, on conducting hot-dip galvanizing continuously to 
a steel strip, which was traveled through a snout, via a sink roll located in a plating vessel which contains a molten metal 
by immersing the steel strip therein, which method is characterized in that a plating tank is located in the bath of plating 
55 vessel to cover the sink roll, that a shielding member is located to shield a gap formed between a lower portion of the 
snout beneath the steel strip and an upper portion of the side walls of the plating tank, thus dividing the plating vessel 
into a plating zone and a dross removing zone, that the steel strip is immersed in the plating zone to conduct hot-dip 
galvanizing, that a mechanical pump is used to discharge the molten metal bath in the plating zone to the dross remov- 
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ing zone, that the dross in the molten metal bath is removed in the dross removing zone, and a solid phase metal for 
plating is dissolved in the dross removing zone, and that the molten metal bath is recycled from the dross removing 
zone to the plating zone. 

[0272] The second embodiment is the method for hot-dip galvanizing described in the first embodiment, which 
5 method is characterized in that the plating tank is positioned so as the upper edge of the plating tank to become higher 
level than that of the rotary shaft of the sink roll. 

[0273] The third embodiment is an apparatus for hot-dip galvanizing, comprising a plating vessel having a snout 
through which a steel strip travels, and having a sink roll which guides the steel strip traveled through a snout, and con- 
taining a molten metal, which apparatus is characterized in that a plating tank is located in the bath of the plating vessel 

10 to cover the sink roll, that a shielding member is located to shield a gap formed between a lower portion of the snout 
beneath the steel strip and an upper portion of the side walls of the plating tank, thus dividing the plating vessel into a 
plating zone and a dross removing zone, that the steel strip is immersed in the plating zone to conduct plating, that the 
dross removing zone removes the dross in the molten metal bath and dissolves a solid phase metal for plating, that a 
mechanical pump is used to discharge the molten metal bath in the plating zone to the dross removing zone, and to 

15 recycle the molten metal bath from the dross removing zone to the plating zone. 

[0274] The fourth embodiment is the apparatus for hot-dip galvanizing described in the embodiment 3, which appa- 
ratus is characterized in that the plating tank is positioned so as the upper edge of the plating tank to become higher 
level than that of the rotary shaft of the sink roll. 

[0275] According to the Best Mode 5, the plating tank is located in the bath of the plating vessel to cover the sink 
20 roll, and the shielding member is located to shield a gap formed between the lower portion of the snout beneath (or rear 
surface side of) the steel strip and an upper portion of the side walls of the plating tank, thus substantially dividing the 
plating vessel into the plating zone and the dross removing zone. 

[0276] According to the Best Mode 5, the make up of zinc which was brought out by adhesion to the steel strip, or 
the dissolving solid phase zinc (ingot), is done in the dross removing zone. Consequently, the variations of temperature 

25 of the molten metal bath in the plating zone become less, which reduces the generation of the dross in the plating zone. 
[0277] Since the melt containing dross in the plating zone is transferred to the dross removing zone using the 
mechanical pump, there occurs no problem of quality and operation, such as generation of fume and top dross, which 
are observed in the case of using a gas lift pump. In addition, the use of mechanical pump improves unstable transfer 
of the melt appearing in utilizing the flow accompanied with the traveling steel strip, and assures the transfer of melt 

30 from a portion of high concentration of dross to the dross removing zone at a necessary flow rate. 

[0278] Since no agitation of the melt in the dross removing zone caused from the traveling steel strip occurs in the 
dross removing zone, the flow becomes calm to enhance the sedimentation of the dross. Furthermore, dissolving the 
ingot in the dross removing zone enhances the sedimentation and removal of dross owing to the reduction of local melt 
temperature and to the changes in aluminum concentration. With these two actions, the dross is efficiently and promptly 

35 removed in the dross removing zone. 

[0279] The supernatant bath after removing dross in the dross removing zone is preferentially recycled to the plat- 
ing zone. Since the flow of melt gives very little flow resistance, there appears very little difference in the level of melt 
between the dross removing zone and the plating zone. Therefore, no top dross is generated in the plating zone on 
recycling the melt. 

40 [0280] When the plating tank is positioned in the bath of plating vessel so as the upper edge of the plating tank to 
become higher than the level of the rotary shaft of the sink roll, the deposition of dross in the plating tank is prevented, 
thus giving further enhanced effect to reduce the generation of dross adhesion to the steel strip. 
[0281] The apparatus is a simple one only separating the plating zone from the dross removing zone by installing 
the plating tank in the plating vessel. Accordin gly, the a p paratus is fabricated at a low investment cost, and solves sev- 

45 eral problems such as the investment cost problem accompanied with melt transfer to a distant tank, and the problems 
of solidification and leak of melt. 

[0282] The Best Mode 5 is described referring to Figs. 25 and 26. Fig. 25 shows a cross sectional view of the appa- 
ratus for hot-dip galvanizing of the Best Mode 5, (the cross sectional view along B-B line of Fig. 26 given below). Fig. 
26 is the cross sectional view along A-A line of the apparatus of Fig. 25. In these figures, the reference number 401 is 
so the snout, 402 is the sink roll, 403 is the molten metal bath (melt), 404 is the plating tank. The plating tank 410 is located 
in the bath of the plating vessel 404 to cover the sink roll 402. The shielding member 418 is located in the plating vessel 

404 to shield the gap formed between the lower portion of the snout 401 at lower surface side of the steel strip and the 
upper portion of the side walls of the plating tank 410. The plating vessel 404 is divided into the plating zone 41 1 which 
conducts plating the steel strip S, and the dross removing zone 412 which sediments and removes the dross and which 

55 dissolves the ingot 414: The plating tank 410 and the shielding member 418 are attached to the plating vessel 404 by 
respective hanging jigs or fixed to the bottom of the plating vessel 404 by respective support jigs. The reference number 

405 designates the mechanical pump that discharges the molten metal bath from the plating zone 41 1 to the dross 
removing zone 41 2. The dross removing zone 412 is provided with a pair of heating devices (induction heating devices) 
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415, 416. 

[0283] According to Fig. 25, the upper end of the plating tank 401 is opened to the dross removing zone 412 in the 
bath opposite to the charge portion of the ingot 414. Actually, however, jigs (not shown) to support the support rolls 
421a, 421b, other than the sink roll, and the jigs (not shown) to support these under-bath facilities are arranged in the 
5 apparatus. Accordingly, the melt 403 in the bath is able to be divided into the plating zone 41 1 and the dross removing 
zone 412. Thus, the melt 403 in upper portion of the plating tank 410 belongs to the plating zone 411 , and the melt 403 
in other portions belong to the dross removing zone 412. 

[0284] In the above-described apparatus, the steel strip S travels in the arrow direction to enter the plating zone 41 1 
through the snout 401 , and the steel strip S changes the travel direction around the sink roll 402, then is taken out from 
10 the molten metal bath 403. After being adjusted the coating weight in a coating weight controller (not shown), the steel 
strip S is cooled and subjected to a specified post-treatment to become a plated steel strip. 

[0285] The melt 403 containing the dross in the plating zone 41 1 is transferred to the portion dissolving the ingot 
41 4 in the dross removing zone 41 2 by the mechanical pump 405 to sediment and remove the dross in the dross remov- 
ing zone 412. The melt 403 after sedimented and removed the dross in the dross removing zone 412 is recycled to the 
15 plating zone 41 1 flowing through the gap between the upper end of the plating tank 410 opposite to the portion dissolv- 
ing the ingot 414 and the bath surface. 

[0286] According to the apparatus, the plating tank 410 does not have a heating device. The temperature control of 
the melt in the plating zone 412 is done by the heating devices 415, 416 located in the dross removing zone 412 and 
by the adjustment of temperature of the traveling steel strip. 

20 [0287] When the ingot 414 is charged into the dross removing zone 412, the temperature of melt flowing into the 
plating zone 411 through the gap between the upper end of the plating tank 410 opposite to the portion dissolving the 
ingot 414 and the bath surface is controlled to a specified level by adequately functioning the heating devices 41 5, 41 6. 
[0288] The shielding member 418 shields the gap formed between the upper end of the plating tank 410 opposite 
to the portion dissolving the ingot 414 and the bath surface, thus prevents the influence of the hot bath flow coming from 

25 the heating devices 41 5, 41 6, and of the local bath temperature reduction to the plating zone 41 1 , and also reduces the 
fluctuations of bath temperature and bath composition in the plating zone 41 1 . Furthermore, the shielding member 418 
prevents the occurrence of the phenomena of bath flow caused from the heating devices 415, 416 stirring up the once- 
sedimented and removed dross in the dross removing zone 412 to entering the plating zone 41 1 . 
[0289] Since the ingot 414 is not dissolved in the plating zone 41 1 , the temperature variations of the melt 403 in the 

30 plating zone 411 become minimum. Since the temperature control of the melt 403 in the plating zone 41 1 is done by 
the heating devices 415, 416 of the dross removing zone 411, the hot melt 403 ejected from the induction heating 
devices does not contact the steel strip S. As a result, the elution of iron from the steel strip S is suppressed, and the 
generation of dross in the plating zone 41 1 is reduced. 

[0290] The apparatus is provided with a ceramics mechanical pump 405 in the plating vessel 410. The pump has 
35 a suction opening 422 at the bottom portion of the plating tank 410, and a discharge opening 423 at the portion of dis- 
solving the ingot 414. The pump transfers the melt 403 at bottom portion of the plating tank 410 to the dross removing 
zone 412. Since the position of the suction opening of the mechanical pump 405 is located as described above, even 
in the case that the line speed is slow and that the width of steel strip is narrow, the melt 403 containing dross which 
may deposit on the bottom of the plating tank 410 is surely transferred to the dross removing zone 412, thus preventing 
40 the dross deposition in the plating tank 410. Since the dross likely deposits on the bottom center portion of the plating 
tank 410, the suction opening 402 of the mechanical pump is preferably positioned at near the bottom center portion of 
the plating tank 410. 

[0291] From the viewpoint of traveling performance of the steel strip, of attaching/detaching the rolls placed in the 

_plating t ank 410 . of attachin g /detachin g the j ig s for su pporting the rolls, and of prevention of dross deposition caused 

45 from weakened agitation of the melt 403 at bottom portion of the plating tank 410, the gap (d) between the inner walls 
of the plating tank 410 and the steel strip S, and between the edges of sink roll in the two axial directions and the inner 
walls of the plating tank 410 are preferably in an approximate range of from 250 to 500 mm. 

[0292] According to the apparatus, since the plating tank 410 is placed in the bath of the plating vessel 404. As a 
result, the problems of solidification and leak of the melt 403 during transfer thereof are substantially solved. Further- 
50 more, the melt 403 in the plating zone 41 1 can be transferred to the dross removing zone 412 at necessary amount. 
[0293] The mechanical pump means a pump such as a volute pump (centrifugal pump), a turbine pump, and a dis- 
placement pump, which transfers melt directly contacting the melt to working parts of the pump. The mechanical pump 
described here does not include a gas lift pump. 

[0294] In the dross removing zone 412, dissolving the ingot and sedimentation and removal of bottom dross are 
55 conducted. In the dross removing zone 41 2, there appears no agitation of melt 403 caused from the traveling steel strip 
S, so that the flow of melt 403 is uniformized. Adding to the action, the local melt temperature reduction and the alumi- 
num concentration changes accompanied with the ingot dissolving are increased, and the sedimentation and removal 
of dross are enhanced, thus increasing the efficiency of sedimentation and removal of the dross. 
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[0295] The dross removing zone 412 may have a separation plate, at need, to unifbrmize the flow of the melt 403 
for efficient sedimentation and removal of the bottom dross. 

[0296] In the dross removing zone 412, the dissolved ingot melt is mixed to the flow, and the supernatant bath in 
the vicinity of the bath surface having high cleanliness after sedimented and removed the dross preferentially flows 
5 through the gap between the upper edge of the plating tank 410 and the bath surface and preferentially returns to the 
plating zone 411. Since the melt 403 flows with very little flow resistance, there appears very little difference in the level 
of melt 403 between the plating zone 41 1 and the dross removing zone 412. As a result, when the melt 403 returns to 
the plating zone 41 1, no top dross is generated. 

[0297] Since the clean melt 403 after removed the dross returns to the plating zone 411, and since the quantity of 
10 dross generated in the plating zone 411 is small, the effect of preventing the dross deposition in the plating tank 410 
becomes excellent. 

[0298] With the apparatus of Fig. 25, the inventors of the present invention studied the occurrence of quality defects 
caused from the adherence of dross thereto by changing the vertical position of the plating tank 410 to very the relative 
position to the sink roll 402. The plating tank 410 had a depth of 1 m, and the sink roll had a diameter of 750 mm. The 

15 result is shown in Fig. 27. 

[0299] In Fig. 27, the horizontal axis is upper edge position of the plating tank 41 0 as the relative position to the sink 
roll 402. The lower portion of the sink roll indicates that the upper edge of the plating tank 410 only reaches the lower 
edge of the sink roll. The upper portion of the sink roll indicates that the upper edge of the plating tank 410 reaches up 
to the upper edge of the sink roll. The vertical axis shows the occurrence state of quality defects caused from the adher- 

20 ence of dross, and gives five grade evaluation (indexes 1 through 5) responding to the degree of dross adherence deter- 
mined by visual observation of the steel strip S after plating. Index 1 is the best, which is the quality level currently 
requested for the high quality hot-dip galvanized steel strip. The current level is the index 

[0300] When the upper edge of the plating tank 41 0 is above the lower edge of the sink roll 402, or when the plating 
tank 410 is located to cover the sink roll 402, the dross adhesion is prevented, and the effect for improving the quality 
25 becomes significant. If the upper edge of the plating tank 41 0 becomes above around the centerline of the sink roll 402, 
the index becomes 1, giving particularly excellent quality. 

[0301] The presumable reason of the phenomenon is the following. The flow of melt 403 accompanied with the 
traveling steel strip S changes its direction to the strip width direction at the position contacting with the sink roll 402, 
then collides against a side wall of the plating tank 410, and the flow is divided into the upward flow and the downward 

30 flow. The downward flow becomes a driving force for agitating the bath to prevent deposition of the bottom dross in the 
plating tank 410. In a shallow plating tank in which that kind of flow is difficult to appear, agitation is insufficient, and the 
bottom dross deposits in the plating tank 410. Thus, changes of traveling speed of the steel strip or changes of width of 
traveling steel strip induce stirring up of once-deposited bottom dross resulting in adhesion to the steel strip S. 
[0302] To separate the plating zone 411 from the dross removing zone 412, it is preferable to keep the distance 

35 between the upper edge of the plating tank 410 and the bath surface (L) within 1000 mm. 

[0303] The inventors studied the generation of quality defects on the steel strip S caused from the adhesion of 
dross by conducting the plating on steel strip S under the conditions that the capacity of the plating tank 410 and of the 
dross removing zone 412 is fixed to 5 m 3 and 20 m 3 , respectively, while changing the circulation flow rate (transfer rate 
of the mechanical pump). The result is shown in Fig. 28. 

40 [0304] When the circulation flow rate was large, once-deposited dross was stirred up owing to the insufficient sed- 
imentation and removal of dross in the dross removing zone 412 or owing to the melt 403 discharged from the mechan- 
ical pump 405, which presumably flew in the plating zone 41 1 to induce quality defects. The dross removing zone 412 
should secure the retention time not less than the dross sedimentation time. The above-described quality defects were 
reduced with the reduction in circulation flow rate. And, when the circulation flow rate becomes not more than 1 0 m 3 /h, 

45 products free from quality defects can be produced. However, when the circulation flow rate further reduced to below 1 
m 3 /h, the dross remained in the plating zone 411, not being discharged to the dross removing zone 412, which 
increased the index and degrades the quality. To produce high quality hot-dip galvanized steel strip, the circulation flow 
rate is necessary to control between 1 and 10 m 3 /h. 

so Example 

[0305] The Example used the apparatus shown in Fig. 25. The plating vessel 404 had 2.5 meters in depth. The plat- 
ing tank 410 had 5 m 3 in capacity, and the dross removing zone 412 had 25 m 3 in capacity. The sink roll 402 had 750 
mm in diameter. The gap between the sink roll 402 and the bottom of the plating tank 410, the gap between the steel 
55 strip S entered through the snout 401 into the plating zone and the inner walls of the plating tank 41 1 until the steel strip 
S contacts with the sink roll 410, and the gap between the steel strip S after detached from the sink roll 402 and the 
side walls of the plating tank 410, were set to 300 mm. The plating tank 410 was positioned so as the upper edge 
thereof to become 700 mm of distance from the bath surface, while the upper edge comes nearly equal level of the 
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upper edge of the sink roll. 

[0306] The dross sedimentation speed which raises problem in ordinary hot-dip galvanizing is around 1 meter per 
hour. Since the depth of the plating vessel 404 was 2.5 meters, the dross removing zone 412 required 2.5 hours or 
longer retention time. If the circulation flow rate is not more than 10 m 3 /h, the retention time exceeds 2.5 hours, which 
5 expects the dross removal effect. On the other hand, if the circulation flow rate becomes below 1 m /h, the dross 
remains in the plating zone 41 1 to cause the generation of quality defects. Considering the above-described conditions, 
the circulation flow rate was selected to 3 m 3 /h. 

[0307] The above-described apparatus was applied to hot-dip galvanizing to a steel strip. The generation of dross 
defects on the plated steel strip became zero, compared with around 2% of defect generation in conventional produc- 
ts tion line. Thus, the problem of dross adherence was completely solved. As a result, the steel strip traveling speed could 
be increased from conventional level of 100 m/min to 160 m/min. 

[0308] According to the Best Mode 5, the amount of dross generated during the hot-dip galvanizing on steel strip is 
reduced, the once-generated dross is prevented from deposition in the plating tank, and the dross is efficiently removed 
in the dross removing zone in the plating vessel, the quality defects caused from the adhesion of dross to steel strip are 
15 reduced. According to the present invention, high quality hot-dip galvanized steel strip can be produced. 

[0309] Since the plating tank according to the Best Mode 5tcan be installed in an existing plating vessel, an existing 
apparatus may be modified to readily conduct the present invention. 



Best Mode 6 

20 

[031 0] The essentials of the Best Mode 6 are the following. 

(1) An apparatus for hot-dip galvanizing comprises a plating bath tank which holds a hot-dip galvanizing bath con- 
taining aluminum at contents of 0.05 wt.% or more, and a snout through which a steel strip immersed in the plating 

25 bath tank travels, wherein the plating bath tank is divided by a separation wall into a plating tank which conducts 
plating to the steel strip and a dross removing tank which dissolves an ingot and which sediments and removes 
dross, and the plating tank and the dross removing tank are connected to each other at directly below the snout 
and at a part of exit of the steel strip so as the connecting passage to have 0.1 meter or larger hydraulic diameter 
(defined by a formula given below) and so as the bath levels of both tanks to become equal to each other, and the 

30 plating bath in the snout is sucked by a pump from both longitudinal edges of the snout to discharge the sucked 
bath to a portion where no steel strip travels, thus cleaning the plating bath surface in the snout and circulating the 
plating bath between the plating tank and the dross removing tank, wherein the hydraulic diameter is defined as 

Hydraulic diameter = {(Cross sectional area of flow passage)/ (Wet length of flow passage)} x 4 

35 

(2) The apparatus for hot-dip galvanizing of (1 ) is characterized in that the capacity of the plating tank is not more 
than 10 m 3 , and the capacity of the dross removing tank is not less than 10 m 3 . 

(3) A method for hot-dip galvanizing by immersing a steel strip traveled through a snout in a hot-dip galvanizing bath 
40 containing 0.5 wt.% or higher aluminum concentration in a plating bath tank, which method comprises the steps 

that the plating bath tank is divided by a separation wall into a plating tank which conducts plating to the steel strip 
and a dross removing tank which dissolves an ingot and which sediments and removes dross, that the plating tank 
and the dross removing tank are connected to each other at directly below the snout and at a part of exit of the steel 

strip so as a connectin g passage to have 0.1 meter or lar ger h ydraulic diameter (defined by a formula given below) 

as and so as the bath levels of both tanks to become equal to each other, and that the plating bath in the snout is 
sucked by a pump from both longitudinal edges of the snout to discharge the sucked bath to a portion where no 
steel strip travels, thus cleaning the plating bath surface in the snout and circulating the plating bath between the 
plating tank and the dross removing tank, wherein the hydraulic diameter is defined as 

so Hydraulic diameter = {(Cross sectional area of flow passage)/ (Wet length of flow passage)} x 4 

(4) The method for hot-dip galvanizing of (3) is characterized in that the capacity of the plating tank is not more than 
10 m 3 , and the capacity of the dross removing tank is not less than 10 m 3 , and that the circulation flow rate between 
the plating tank and the dross removing tank is in a range of from 0.5 to 5 m 3 /h. 

55 

[0311] The Best Mode 6 is described in detail in the following. 

[0312] To improve the workability of plating film on a hot-dip galvanized steel strip, the plating bath consists mainly 
of zinc contains 0.05% by weight (hereinafter referred to as "wt.%") of aluminum. When a steel strip is immersed in the 
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plating bath, iron is eluted from the steel strip to become dross. 

[0313] According to the Best Mode 6, a separation wall is located in the plating bath tank to divide thereof into the 
dross removing tank and the plating tank. Thus, while the dross in the plating tank is in a small size, the plating bath 
(molten metal) is transferred from the plating tank to the dross removing tank. During a long sedimentation time, the 
5 dross is sedimented and removed from the plating bath containing fine dross in the dross removing tank. After cleaned, 
the plating bath is recycled to the plating tank. 

[0314] In ordinary operation, make up of the zinc taken out carried by the traveling steel strip is done by dissolving 
a low temperature ingot in the plating thank which is maintained to a specified temperature. In that case, as seen in Fig. 
29, the temperature around the ingot 519 becomes lower than the bulk bath temperature. Since the iron solubility in the 
10 plating bath is reduced by the temperature reduction, the iron in the plating bath generates intermetallic compounds of 
zinc or aluminum. 

[0315] According to the Best Mode 6, the make up of zinc which was brought out by adhesion to the steel strip, or 
the dissolving solid phase zinc (ingot), is done in the dross removing tank. Consequently, the variations of temperature 
of the plating bath in the plating tank become less, which reduces the generation of the dross in the plating tank. 

15 [0316] Regarding the transfer of the plating bath, an immersed pump which cleans the bath surface of the snout is 
located to produce further high quality plated steel strip. The molten zinc is sucked from both ends of the snout at its 
longitudinal side, and is discharged to the portion where no steel strip travels. Each passage is located at directly below 
the snout of pump suction side and at exit of the steel strip from the plating tank to connect the plating tank with the 
dross removing tank. The plating bath flows from the dross removing tank to the plating tank via the flow passage 

20 directly below the snout. The plating bath flows from the plating tank to the dross removing tank via the flow passage at 
exit of the steel strip. 

[0317] Normally, the snout bath surface has foreign matter such as zinc oxide and dust which were separated and 
dropped from the wall surface of the snout, which foreign matter may cause the surface defects of the plated steel strip. 
[0318] Owing to the pump, the snout bath is discharged to keep the cleanliness of the snout bath surface and to 

25 provide high quality plated steel strip. Furthermore, the flow established by the pump allows to form a stable flow in the 
direction of width of steel strip ranging from the inlet of steel strip in the plating tank to the exit thereof, thus improving 
unstable transfer of plating bath using the flow accompanied with the traveling steel strip, and allowing the transfer of 
plating bath from a portion of high dross concentration to the dross removing tank at a necessary amount without fail. 
[0319] According to the Best Mode 6, the plating bath is exchanged before the dross grows to a harmful size. To do 

30 this, the plating tank preferably has a capacity of 10 m 3 or less. The plating bath containing fine dross discharged from 
the plating tank is received in the dross removing tank, where the dross is removed by taking a long time. To do this, the 
capacity of the dross removing tank is preferably 10 m 3 or more. 

[0320] To assure the cleanliness of the bath surface in the snout, the circulation flow rate of plating bath between 
the plating tank and the dross removing tank is preferably from about 0.5 to about 5 m 3 /h. If the circulation flow rate is 

35 less than 0.5 m 3 /h, quality defects occur owing to the delayed exchange of bath surface. If the circulation flow rate 
exceeds 5 m 3 /h, waving and splash occur on the bath surface owing to the excessive flow rate, which causes other 
quality defects. Regulation of the flow rate in the above-described range is further advantageous for transferring the 
plating bath from the plating tank to the dross removing tank while the dross in the plating tank is still in a small size. 
[0321] The dross in the plating tank is transferred from the plating tank to the dross removing tank while the dross 

40 in the plating tank is still in a small size. The dross is sedimented and removed taking a long time in the dross removing 
tank. Inside of the dross removing tank, no agitation of plating bath caused from the traveling steel strip occurs, thus the 
flow becomes calm, and the dross becomes easily sediment. Furthermore, dissolving the ingot in the dross removing 
tank enhances the sedimentation and removal of dross owing to the reduction of local plating bath temperature and to 
the chan g es in aluminum concentration. With these two actions, the dross is efficiently and promptly removed in the 

45 dross removing tank. 

[0322] The plating bath after removing dross in the dross removing tank is preferentially recycled to the plating tank 
via the flow passage having a specified hydraulic diameter and being located at directly below the snout of the plating 
tank. Since the flow of plating bath gives very little flow resistance, there appears very little difference in the level of plat- 
ing bath between the dross removing tank and the plating tank. Therefore, no top dross is generated in the plating tank 

so on recycling the plating bath. 

[0323] The apparatus is a simple one only separating the plating tank from the dross removing tank by installing the 
separation wall in the plating bath tank. Accordingly, the apparatus is fabricated at a low investment cost, and solves 
several problems such as the investment cost problem accompanied with plating bath transfer to a distant tank, and the 
problems of solidification and leak of the plating bath. 

55 [0324] The Best Mode 6 is described referring to Figs. 30 through 33. Fig. 30 shows the plating apparatus of the 
Best Mode 6. Fig. 31 shows the cross sectional view along A-A line of the plating apparatus of Fig. 30. 
[0325] In these figures, the reference number 501 is the snout, 502 is the sink roll, 503 is the plating bath, 510 is 
the plating bath tank, 51 1 is the plating tank, 512 is the dross removing tank, and 513 is the mechanical pump. The plat- 
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ing bath tank 510 is divided into the plating tank 511 and the dross removing tank 512 by the tank walls of the plating 
tank 511. The dross removing tank 512 is located below the plating tank 511. The reference numbers 517 and 518 are 
heating devices (induction heating devices), and 519 is the ingot. 

[0326] The steel strip S travels in the arrow direction to enter the plating tank 51 1 through the snout 501 , thus being 
5 plated while immersing in the plating tank 51 1. The steel strip S changes the travel direction around the sink roll 502, 
then is taken out from the plating bath 503. After being adjusted the coating weight in a coating weight controller (not 
shown), the steel strip S is cooled and subjected to a specified post-treatment to become a plated steel strip. 
[0327] According to the embodiment, from the viewpoint of maintenance, the flow passage 515 which is located 
directly below the snout and which connects the plating tank 51 1 and the dross removing tank 512 is positioned near 
w the bath surface. The flow passage 516 located at exit of the steel strip is opened at its top side. The transfer of the plat- 
ing bath between the plating tank 51 1 and the dross removing tank 512 is done by the mechanical pump 513 which is 
mounted for cleaning the plating bath surface in the snout. 

[0328] That is, the flow passage 51 5 is located at near the bath surface at the tank walls direct bellow the snout 501 
in the plating tank 511, while the flow passage 516 is located at a side wall of the exit of steel strip by opening the top 

15 side thereof. Thus, the plating bath level is equal between the plating tank 51 1 and the dross removing tank 512. The 
transfer of plating bath 503 between the plating tank 51 1 and the dross removing tank 512 is carried out by the mechan- 
ical pumps 51 3 located at both sides of the snout 501 near the flow passage 515 directly below the snout. Each of the 
pumps sucks the plating bath at a depth ranging from 0 to 500 mm below the bath surface directly below the snout, and 
discharges the plating bath to a portion where no steel strip S travels in the plating tank 51 1. 

20 [0329] An aluminum-base top dross floats at near the bath surface in the dross removing tank 51 2. The plating bath 
503 is sucked by the mechanical pump 51 3, and the supernatant bath having high cleanliness at slightly below the bath 
surface of the dross removing tank 512 is discharged to the plating tank 51 1 . 

[0330] Since the plating bath 503 is circulated by the mechanical pumps 513, there occurs no problem of quality 
and operation, such as generation of fume and top dross, which are observed in the case of using a gas lift pump. 

25 [0331] By introducing the plating bath 503 which was sucked by the mechanical pumps 51 3 to the portion of plating 
tank 51 1 where no steel strip S travels, the flow of plating bath 503 in the plating tank 51 1 is brought to two-dimensional 
flow as far as possible, thus preventing the formation of three-dimensional flow. Normally, when no flow is forcefully 
formed by a pump, the flow of plating bath 503 in the plating tank 51 1 is governed by the flow accompanied with the 
traveling steel strip S, thus establishing a stagnant portion in the plating tank 511. The appeared stagnant portion 

30 causes stirring up of once-deposited dross in the case that the width of traveling steel strip S increases. By introducing 
the plating bath 503 discharged from the mechanical pumps 513 to a portion where no steel strip S travels, the portion 
where the steel strip S travels establishes a two-dimensional flow, as seen in Fig. 32, while the portion where the steel 
strip S does not travel establishes two-dimensional flow owing to the flow of plating bath 503 discharged from the 
pumps, as seen in Fig. 33. As a result, the occurrence of stagnant portion in the plating tank 51 1 is prevented, thus solv- 

35 ing the problems of dross deposition and of stirring up of once-deposited dross. 

[0332] As for the plating bath 503 which was brought out by adhering to the traveling steel strip S, the plating bath 
level is kept unchanged by charging the ingot 519 to the dross removing tank 512 to dissolve by the heating devices 
517, 518. At near the ingot 519 in the dross removing tank 512, iron and aluminum react to each other to generate the 
top dross 531 , while zinc and iron react to each other to generate the bottom dross 532. Although the generation of 

40 dross varies with the concentration of aluminum in the ingot 519, finally the dross deposits mainly in the dross removing 
tank 512 and is removed there, so that the generation of dross in the plating tank 51 1 is significantly suppressed. 
[0333] Increasing the size of flow passage brings the passage similar with normal plating tank 504. Therefore, the 
size of the flow passage has an optimum level. Since there are many kinds of cross sectional shapes of the flow pas- 
sage, such as circular and rectangular shapes, the inventors of the present invention studied t he sizes of flow passage 

45 using the definition of hydraulic diameter applied in hydrodynamics. The hydraulic diameter is^efinelJ"by^ividihg"the~ 
cross sectional area of flow passage by the wet length of the flow passage, or the peripheral length of the cross section 
of the flow passage, and multiplied by 4. In the case of circular cross section, the hydraulic diameter becomes the diam- 
eter of the circular cross section. For the case of square cross section, the hydraulic diameter becomes the length of a 
side of the square. 

so [0334] The study on the hydraulic diameter revealed that a flow passage having not more than 50 mm of hydraulic 
diameter induced the generation of solidified zinc in the flow passage to fail in establishing stable transfer of the molten 
metal, which means that these sizes of hydraulic diameter are not applicable to practical uses. The hydraulic diameter 
is necessary around 100 mm at the minimum. On the other hand, increasing the size of flow passage induced mixed 
function allotment between the plating tank 51 1 and the dross removing tank 512, and the dross generation in the plat- 

55 ing tank 51 1 increased. The study suggested that the hydraulic diameter is preferably not more than 0.5 m. The embod- 
iment used the plating tank 51 1 having 8 m 3 in capacity, the dross removing tank 512 having 2.5 m in depth and 12 m 3 
in capacity. The flow passage 515 located directly below the snout of the plating tank 511 had 1500 mm in cross sec- 
tional width and 200 mm in height. The flow passage 51 6 located at the side of upward travel of the steel strip had 2500 
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mm in cross sectional width and 100 mm in height That is, the hydraulic diameter of respective flow passages was 353 
mm and 192 mm. The pump discharge rate was adjusted to 3 m 3 /h of circulation flow rate. 

[0335] The embodiment showed no dross defects on the plate steel strip, which was observed at around 2% of the 
products in conventional apparatus, and no problem on dross appeared. 

5 [0336] Another embodiment used the apparatus of Figs. 30 and 31 , having the plating tank 510 with 2 m in depth, 
the dross removing tank 512 with 20 m 3 in capacity, and the flow passages 515 and 516 with the same dimensions as 
in the above-described embodiment. The dross sedimentation speed which raises problem in ordinary hot-dip galvaniz- 
ing is around 1 meter per hour. Since the depth of the plating tank 510 was 2 meters, the dross removing tank 512 
required 2 hours or longer retention time. If the circulation flow rate is not more than 1 0 m 3 /h, the retention time exceeds 

10 2 hours, which expects the dross removal effect. On the other hand, if the circulation flow rate becomes below 0.5 m 3 /h, 
the dross remains in the plating tank 51 1 to cause the generation of quality defects. Considering the above-described 
conditions, the circulation flow rate was selected to 5 m 3 /h. 

[0337] The inventors carried out the hot-dip galvanizing to a steel strip using the above-described apparatus, and 
found that no dross was generated under a condition of line speed of 120 m/min, and no dross-related problem 

15 occurred even after increased the line speed to 160 m/min. 

[0338] According to the Best Mode 6, the dross generated in the plating tank is transferred to the dross removing 
tank which is separated from the plating tank to remove the dross as the top dross or the bottom dross. Accordingly, the 
generation of bottom dross in the plating tank is reduced, the deposition of the bottom dross is prevented, and, at the 
same time, the bath surface in the snout is cleaned. According to the invention, the apparatus for hot-dip galvanizing 

20 prevents the generation of surface defects on the steel strip caused from the dross, and the generation of surface 
defects caused from zinc oxide and the like in the snout, so that high quality hot-dip galvanized steel strip is produced. 
[0339] In addition, the apparatus has a simple structure to solve serious problems such as leak and solidification of 
plating bath in the flow passage, and offers excellent operability. 

25 Best Mode 7 

[0340] The inventors of the present invention studied the flow of molten zinc in a molten zinc tank (plating pot) com- 
monly used in ordinary operation, the mechanism of dross generation, and the behavior of dross in the plating pot. The 
study revealed the following. 

30 [0341] That is, as shown in Figs. 34(a), (b), and (c), the driving forces of molten zinc flow in the plating pot are: 

1 . The molten zinc flow accompanied with the strip traveling in the plating pot, which is expressed by the symbol A 
of Fig. 34(a); 

2. The discharge flow which is formed from the accompanied flow which lost the exit thereof at the points of contact 
35 on to the strip and the sink roil, and which changed the flow direction thereof in the shell length direction of the sink 

roll, which discharge flow is expressed by the symbol B of Fig. 34(b); 

3. The flow induced by electromagnetic force of the induction heating device to hold the heat of or to heat the mol- 
ten zinc, which is expressed by the symbol C of Fig. 34(c); and 

4. The flow of natural convection caused from nonuniform temperature of molten zinc, induced in the vicinity of the 
40 ingot-charge point for supplying solid phase zinc, which is expressed by the symbol D of Fig. 34(a). 

[0342] A cold model experiment relating to a molten plating bath flow, introduced in Tetsu To Hagane (iron and 
Steel", Vol. 81 , No. 7, (1 995), described that the above-given flow A plays the principal role. The inventors of the present 
invention analyzed the data of dross sedimentation distribution, and found that the flows of B and C are equally impor- 
45 tant to the flow of A. 

[0343] As shown in Fig. 34, the data of water model tests revealed the following. That is, concentrated deposition 
of dross to a range of from lower portion near the sink roll to the edge portion of the pot is induced by, adding to the re- 
stirring up of dross caused from the flow A, that the flow B induces the generation of a flow containing dross at the bot- 
tom portion from the edge portion of the pot, and the dross is stirred up or collected, and by that the flow C induces stir- 

so ring up of once-sedimented dross. 

[0344] On the other hand, it was found that, on entering the strip into the pot, the iron powder attached to the strip 
or the iron eluted from the strip by reacting with molten zinc reacts with zinc to form intermetallic compounds during the 
initial period of operation. The intermetallic compounds are fine dross, and the fine dross flows accompanied with the 
traveling strip to reach the bottom portion of the plating pot. By mixing thus reacted dross with the low temperature plat- 

55 ing bath at the bottom portion, or by varying the solubility of iron in the molten zinc and the composition of the interme- 
tallic compounds, the dross is grown. 

[0345] From the above-described findings, it was found that, to obtain a high quality hot-dip galvanized steel strip 
with very few quality defects, it is necessary to promptly sediment the dross generated in the molten zinc to the bottom 
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portion of the molten zinc plating bath in the pot to remove thereof, thus cleaning the molten zinc plating bath, and to 
form a flow without containing coarse dross in the plating portion. To do this, it is necessary that the molten zinc in the 
vicinity of the sink roll is kept in a strong agitation state, thus letting the dross attach to the steel strip while the dross is 
in a size below the one inducing problem, that dross once-flown out from the peripheral portion of the sink roll is sedi- 
5 mented and removed as far as possible at the portion of non-disturbed flow, and that the coarse dross is prevented from 
being re-stirred up. 

[0346] The present invention was derived from the above-described findings, and the first embodiment of the Best 
Mode 7 provides an apparatus for hot-dip galvanizing, which apparatus comprises: a molten zinc tank which holds a 
molten zinc and which has a heating means to heat the molten zinc; a sink roll which is immersed in the molten zinc in 
10 the molten zinc tank and around which a steel strip is wound; a vessel which holds the sink roll therein and which com- 
prises side panels and a bottom panel, while opening the upper end thereof; whereby hot dip zinc plating is applied to 
a continuously fed steel plate in the molten zinc tank. 

[0347] The second embodiment provides the apparatus for hot-dip galvanizing described in the first embodiment, 
wherein the heating means of the molten zinc tank conducts coreless induction heating. 
15 [0348] The third embodiment provides the apparatus for hot-dip galvanizing described in the first embodiment or 
the second embodiment, wherein the vessel keeps gaps of from 200 to 500 mm between the vessel wails and the steel 
strip traveling through the vessel, the sink roll, and the jigs to fix the sink roll. 

[0349] The fourth embodiment provides the apparatus for hot-dip galvanizing described in any one of the first 
through the third embodiments, which apparatus further comprises a cover which substantially covers the lower surface 

20 of the steel strip being immersed in the molten zinc in the molten zinc tank until the steel strip reaches the vessel. 
[0350] The fifth embodiment provides the apparatus for hot-dip galvanizing described in any one of the first through 
the fourth embodiments, wherein the vessel has a curved face at joints of the side plates and the bottom plate. 
[0351] The sixth embodiment provides the apparatus for hot-dip galvanizing described in any one of the first 
through the fifth embodiments, wherein the vessel has a discharge opening at the bottom thereof to discharge the mol- 

25 ten zinc, through which discharge opening the molten zinc is forcefully discharged into the molten zinc tank. 

[0352] According to the first embodiment, the applied vessel comprises the side plates and the bottom plate to hold 
the sink roll therein, and the top thereof is opened. With the configuration of the vessel, the flows accompanied with the 
rotating sink roll and with the traveling steel strip do not appear in the bottom portion of the molten zinc tank. In addition, 
the presence of the side plates of the vessel prevents the flow of molten zinc flowing in the shell direction of the sink roll 

30 at the contact point of the steel strip and the sink roll from reaching the bottom of the molten zinc tank. Furthermore, 
the flow collides against the side plates of the vessel to separate into the flow toward the bottom of the vessel and the 
upward flow. The flow toward the bottom of the vessel gives an effect of sufficiently mixing the molten zinc in the vessel, 
and the strong agitation by the effect prevents dross deposition. The upward flow does not become the driving force to 
stir up the dross at the bottom portion of the molten zinc tank, so that the bottom portion of the molten zinc tank 

35 becomes a calm state to allow the dross to sediment and remove. Consequently, very high quality hot-dip galvanized 
steel strip having very few quality defects is produced. 

[0353] As seen in the second embodiment, the coreless induction heating reduces local high flow speed caused 
from convection of molten zinc occurred during heating with conventional injection heater, and the quality defects are 
further reduced. 

40 [0354] As in the case of the third embodiment, by limiting the distance between the steel strip, the sink roll, the sup- 
porting jigs thereof, and the walls of the vessel to a range of from 200 to 500 mm, the agitation in the vessel is fully per- 
formed. That is, since the vessel has to be installed before inserting under-bath facilities and devices such as sink roll, 
it is preferable that sufficient space for installation is secured and that the space is preferably 200 mm or more to prevent 
occurrence of local temperature distribution and concentration distribution. If the space exceeds 500 mm, a strong flow 

45 which agitates the molten zinc at bottom portion of the vessel appears, and the stable operation becomes difficult. 
[0355] As in the case of the fourth embodiment, a cover is placed to cover substantially the lower portion of the steel 
strip until the steel strip which was immersed in the molten zinc in the molten zinc tank reaches the vessel. The config- 
uration increases the effect to shield the accompanied flow between the sink roll and the steel strip, which further 
improves the effect of sedimentation and removal of dross by calming the molten zinc at bottom of the molten zinc tank. 

so [0356] As seen in the fifth embodiment, the curved joint between the side plates and the bottom plate gives no 
sharp corner to cause the stagnant flow, thus the agitation effect in the vessel is further improved. 
[0357] As in the sixth embodiment, the forcefully discharging the molten zinc from the bottom discharge opening of 
the vessel further effectively prevents the sedimentation of the dross in the vessel. In that case, it is preferable that the 
molten zinc is discharged upward at a slow speed not to let the discharged flow contribute to the stirring up of the dross 

55 on the bottom of the molten zinc tank. 

[0358] The Best Mode 7 is described in more detail referring to the drawings. 

[0359] The first embodiment is described referring to Figs. 35 through 37. Fig. 35 shows a cross sectional view of 
a manufacturing apparatus of molten zinc-base plated steel plates according to the first embodiment of the Best Mode 
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7. Fig. 36 shows the cross sectional view along A-A' line of Fig. 35. Fig. 37 shows the plan view of the manufacturing 
apparatus of molten zinc-base plated steel plates according to the first embodiment. 

[0360] As seen in these drawings, the apparatus for manufacturing hot-dip galvanized steel strip according to the 
present invention has the rectangular plating pot 601. The plating pot 601 contains the molten zinc 602 as the plating 

5 bath. The plating pot 601 is provided with the sink roll 605 which is immersed in the molten zinc 602, which sink roll 605 
is attached to the plating pot 601 by the supporting jigs 604. The steel strip S which is immersed in the molten zinc 602 
in the plating pot 601 via the snout 603 is turned around the sink roll 605 to change its traveling direction to upward, 
then the steel strip S is continuously taken up from the plating pot 601 . A pair of support rolls 606, 607 are located above 
the sink roll 605, by which support rolls the steel strip S is supported to adjust the shape thereof. 

w [0361] The plating pot 601 is provided with the vessel 608 to hold the sink roll 605, the supporting jigs 604, and the 
support rolls 606. 607. The vessel 608 consists of the bottom plate 608a and the side plates 608b, while opening the 
upper end thereof. The joints between the bottom plate 608a and the side plates 608b are in a curved shape. The ves- 
sel 608 is supported at its bottom by the pipe-shape support legs 609. 

[0362] At center portion of the bottom of vessel 608 in the steel strip width direction, the discharge opening 610 for 
15 discharging the molten zinc is located. And, the discharge pipe 610a is extended from the discharge opening 610 curv- 
ing upward. The discharge pipe 61 0a is provided with the ceramics pump 61 1 , which pump is driven by the motor 61 2 
located above the front edge 610b of the discharge pipe 610a, thus forcefully discharging the molten zinc in the vessel 
608 to the plating pot 601 via the discharge opening 610 and the discharge pipe 610a. The bottom plate 608a and the 
side plates 608b of the vessel 608 are preferably separated from the steel strip S traveling through the vessel 608, the 
20 sink roll 605, the support jigs 605, and the support rolls 606, 607, to a range of from 200 to 500 mm. For example, the 
distance is set to 300 mm. 

[0363] At near the surface of the molten zinc 602 at the edge of the plating pot 601 , the zinc ingot 61 3 for make up 
of molten zinc is immersed. At outside the plating pot 601 , the induction heater 61 5 is positioned to heat the molten zinc 
602 in the plating pot 601 . 

25 [0364] According to the apparatus for manufacturing hot-dip galvanized steel strip having the above-described con- 
figuration, the steel strip S as the work is continuously immersed in the molten zinc 602 held in the plating pot 601 via 
the snout 603. The steel strip S changes the traveling direction upward by the sink roll 605, then the steel strip S is taken 
up from the plating pot 601. A gas-wiper (not shown) removes excess amount of molten zinc to provide a hot-dip gal- 
vanized steel strip. 

30 [0365] The vessel 608 is structured by the side plates 608b and the bottom plate 608a, while opening the top 
thereof. Accordingly, no flow accompanied with the sink roll 605 and with the traveling steel strip S occurs in the bottom 
portion of the plating pot 601 , and the flow of molten zinc flowing in the shell length direction of the sink roll at the con- 
tact point of the steel strip S and the sink roll 605 does not reach the bottom of the pot 601. The flow collides against 
the side wail 608b of the vessel 608, and the flow is divided into the downward flow toward the bottom portion of the 

35 vessel 608 and the upward flow. The downward flow toward the bottom portion of the vessel 608 functions to sufficiently 
mix the molten zinc 602 in the vessel 608, and the strong agitation prevents the dross deposition. Since the ascended 
flow does not become the driving force to stir up the dross, the flow becomes calm in the bottom portion of the plating 
pot 601 to assure full sedimentation and removal of the dross. As a result, high quality hot-dip galvanized steel strip with 
very few quality defects is attained. 

40 [0366] The walls of the vessel 608 are positioned to keep distances of from 200 to 500 mm from the traveling steel 
strip S, the sink roll 605, the support jigs 604 supporting the sink roll 605, and the support rolls 606, 607. The configu- 
ration assures sufficient agitation of the content of the vessel 608. In addition, the joints between the side plates 608b 
and the bottom plate 608a of the vessel 608 are in curved shape, so that the flow of molten zinc in the vessel 608 is in 
a favnrable state, and the agitati on effect in the vessel 608 is ver y high. 

45 [0367] The support legs 609 are structured by, for example, cylindrical pipes each having 200 mm in diameter. 
Therefore, when the vessel 608 is immersed in the plating pot, the molten zinc 602 flows into the vessel 608 from the 
pipe-shape support legs 609, which makes the vessel 608 readily immerse in the plating pot 601. Furthermore, on tak- 
ing up the vessel 608, the molten zinc 602 in the vessel 608 is discharged from the pipe-shape support legs 609, which 
also makes the vessel 608 readily being taken up from the plating pot 601 . During the operation, since the pipe-shape 

50 support legs 609 contact the bottom of the plating pot 601 , the molten zinc 602 in the bottom portion of the plating pot 
601 does not mix with the bulk content of the vessel. 

[0368] The ceramics pump 61 1 is driven by the motor 61 2 located above the pump 61 1 , and the molten zinc 602 is 
forcefully discharged from the discharge opening 610 positioned at center portion in the width direction of the steel strip 
S in the vessel 608 to the plating pot 601 via the discharge pipe 610a. Thus, the sedimentation of dross in the vessel 
55 608 is further effectively prevented. 

[0369] The inventors of the present invention studied the generation of quality defects caused from the adhesion of 
dross to the steel strip using the apparatus of the embodiment for manufacturing hot dip zinc-plated steel strip. The 
study confirmed the occurrence of quality defects not more than 1 % during the two weeks of continuous operation even 
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under varied line speed. Furthermore, the study confirmed that no coarse dross which may cause problems in working 
such as pressing appeared. 

[0370] The second embodiment is described referring to Figs. 38 through 40. Fig. 38 shows a cross sectional view 
of the manufacturing apparatus of molten zinc-base plated steel plates according to the second embodiment of the Best 

5 Mode 7. Fig. 39 shows the cross sectional view along B-B* line of Fig. 38. Fig. 40 shows the plan view of the manufac- 
turing apparatus of hot-dip galvanizes steel plates according to the second embodiment of the Best Mode 7. 
[0371] As seen in these drawings, the apparatus for manufacturing hot-dip galvanized steel strip according to the 
embodiment has the similar basic configuration as that of the apparatus of the first embodiment. Thus, the reference 
symbols same as those in the first embodiment are applied for simplification of description. The apparatus for hot-dip 

10 galvanizing according to the embodiment has the cylindrical plating pot 620 containing molten zinc. At around the plat- 
ing pot 620, a high frequency coil 621 is provided as the heating means to heat the molten zinc 602 by the coreless 
induction heating. The sink roll 605 and the support rolls 606, 607 are arranged in similar manner with the first embod- 
iment The steel strip S which was immersed in the molten zinc 602 of the plating pot 620 is wound around the sink roll 
605, as in the case of the first embodiment, and changes its traveling direction upward, thus being continuously taken 

15 up from the plating pot 601 . 

[0372] The plating pot 620 is provided with the vessel 608 having similar structure with that of the first embodiment, 
thus containing the sink roll 605, the support jigs 604, and the support rolls 606, 607. The U-shape cover 616 is located 
in a range of from the point that the steel strip S which passed through the snout 603 is immersed in the molten zinc 
602 to the point that the steel strip S reaches the vessel 608, to substantially cover the lower face of the steel strip S. 

20 [0373] Also the embodiment uses the discharge pipe 61 0a which extends straight from the discharge opening 61 0 
located at bottom of the vessel 608 at corresponding center portion of the width of the steel strip S, which then curves 
upward. The mechanical pump 617 is positioned at front edge of the discharge pipe 610a. The mechanical pump 617 
is driven by the motor 612 positioned above the pump 617 to forcefully discharge the molten zinc in the vessel 608 to 
the plating pot 620 via the discharge opening 610 and the discharge pipe 610a. The embodiment also preferably has 

25 distances of from 200 to 500 mm between the bottom plate 608a, side plates 608b of the vessel 608 and the traveling 
steel strip S, the sink roll 605, the support jigs 604, and the support rolls 606, 607. The distance is set to, for example, 
300 mm. At near the surface of the molten zinc 602 at edge of the plating pot 620, the zinc ingot 613 for make up of 
molten zinc is immersed. 

[0374] With thus configured apparatus for hot-dip galvanized steel strip, the steel strip S as the work is, similar with 
30 the first embodiment, continuously immersed in the molten zinc 602 held in the plating pot 620 via the snout 603. The 
steel strip S is changed the traveling direction by the sink roll 605 upward, and is taken up from the pot 620. A gas-wiper 
(not shown) removes excess amount of molten zinc to provide a hot-dip galvanized steel strip which is coated with spec- 
ified amount of molten zinc on both sides thereof. 

[0375] Similar with the first embodiment, the second embodiment attains the similar effect by the presence of the 
35 vessel 608. And, owing to the coreless induction heating by the high frequency coil 621, the local high speed flow 
caused by convection of molten zinc, which is observed in conventional induction heating, is reduced as an additional 
effect. As a result, the quality defects are further diminished. The cover 616 increases the effect for shielding the flow 
accompanied with the sink roll 605 and with the traveling steel strip S. The molten zinc 602 at bottom portion of the plat- 
ing pot 620 is calmed to further enhance the dross sedimentation and removal effect. 
40 [0376] As in the case of the first embodiment, by limiting the distance between the walls of the vessel 608 and the 
traveling steel strip, the sink roll 605, the supporting jigs 604 thereof, and the support rolls 606, 607 to a range of from 
200 to 500 mm, the agitation in the vessel 608 is fully performed. Furthermore, the joints between the bottom plate and 
the side plates are in curved shape, which assures favorable flow of molten zinc in the vessel 608, and assures very 
high agit ation effect in the vessel 608. 

45 [0377] The mechanical pump 617 forcefully discharges the molten zinc 602 from the discharge opening 610 posi- 
tioned at center portion in the width direction of the steel strip S in the vessel 608 to the plating pot 601 via the discharge 
pipe 610a. Thus, the sedimentation of dross in the vessel 608 is further effectively prevented. 

[0378] The inventors of the present invention studied the generation of quality defects caused from the adhesion of 
dross to the steel strip using the apparatus of the embodiment for manufacturing hot dip zinc-plated steel strip. The 
so study confirmed the occurrence of quality defects not more than 1% during the three weeks of continuous operation 
even under varied line speed. Furthermore, the study confirmed that no coarse dross which may cause problems in 
working such as pressing appeared. 

[0379] As described above, according to the present invention, the installation of the vessel to hold the sink roll in 
the molten zinc tank allows to sediment and remove the dross, to clean the plating bath, and to form a flow having no 
55 coarse dross therein in the plating portion, thus providing the apparatus for manufacturing high quality hot-dip galva- 
nized steel plate with extremely few quality defects. 
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Best Mode 8 

[0380] The specific concept of the Best Mode 8 is described below. 

1 ) The dross is basically removed by the sedimentation method. To do this, the sedimentation tank is designed to 
a large size. 

2) The plating tank exchanges the holding liquid before the dross grows to a harmful size. To do this, the plating 
tank is preferably as small as possible. 

3) The charge of raw material zinc to the plating tank is done by liquid zinc, not by solid zinc, to prevent enhanced 
growth of the dross caused by variations of bath temperature in the plating tank. 

4) The charge of raw material zinc is done by dissolving solid zinc (ingot) in the sedimentation tank to enhance the 
dross growth utilizing the variations of bath temperature near the dissolving zone of the solid zinc. The sedimenta- 
tion tank essentially has a heating device. 

5) The supply of molten zinc from the sedimentation tank to the plating tank is done by a very mild flow to suppress 
the generation of top dross. If a flow to trap even a very small quantity of air occurs on the bath surface, the top 
dross is vigorously generated. The required condition is satisfied by connecting the sedimentation tank with the 
plating tank at opening of thereeach and by assuring the equal liquid level to each other. 

6) The discharge of the molten zinc after removed the dross from the sedimentation tank is most preferably done 
by the discharge of flow including the liquid surface in the sedimentation tank. The required condition is satisfied by 
locating the opening at upper portion of the sedimentation tank as far as possible. 

7) Even when the line speed is high or low, the dross in the plating tank shall be surely transferred to the dross 
removing tank. Even when the line speed is high, the dross removing capacity shall be sufficient. 

8) The above-described requirements are performed by dividing a single vessel into the plating tank at upper por- 
tion thereof and the dross removing tank at lower portion thereof. The plating tank is designed in separable struc- 
ture. These means are for simplified facility installation, for stable operation, for investment cost reduction, and for 
narrowing the facility space. 

[0381] The Best Mode 8 is derived from the above-described concept, and the essentials of the Best Mode 8 are 
the following. 

30 [0382] The first embodiment is a method for hot-dip galvanizing, on conducting hot-dip galvanizing continuously to 
a steel strip, which was traveled through a snout, and which is guided by a roll under the bath, in a plating vessel which 
contains a molten metal by immersing the steel strip therein, which method is characterized in that the plating vessel is 
divided into to the dross removing tank and the plating tank which is located in the dross removing tank, that the hot- 
dip galvanizing is conducted by immersing the steel strip in the plating tank, that the molten metal bath is transferred 

35 from the plating tank to the dross removing tank using a mechanical pump and using a flow accompanied with the 
traveling steel strip passing through the first connection, between the plating tank and the dross removing tank, opened 
on a side wall of the plating tank facing the surface of the steel strip being taken up from the plating tank, that the dross 
is removed from the transferred molten metal bath in the dross removing tank, and the solid phase metal for plating is 
dissolved in the dross removing tank, and that the molten metal bath is recycled from the dross removing tank through 

40 a second connection, between the plating tank and the dross removing tank, opened on a side wall of the plating tank 
in lateral direction to the surface of the steel strip being taken up from the plating tank. 

[0383] The second embodiment is the method for hot-dip galvanizing described in the first embodiment, which 
method is characterized in that the molten metal bath in the plating tank is sucked from the plating tank at opposite side 
to the first c onnectio n, placin g the roll under the bath in between, usin g the mechanical pump. The sucked molten metal 

45 is discharged to the dross removing tank at opposite side to the first connection, placing the plating tank in between. 
[0384] The third embodiment is the hot-dip galvanizing described in the first embodiment or the second embodi- 
ment, which method is characterized in that the distance between the steel strip and the walls of plating tank and 
between the walls of the plating tank and the roll under the bath are regulated to a range of from 200 to 400 mm in a 
range of from the point of entering the steel strip into the plating tank and the point of leaving the steel strip from the roll 

50 under the bath, and that the plating tank and the dross removing tank satisfy the relation of W1 s 10 m 3 and W1 s W2, 
(W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing tank), and that the flow rate of the 
molten metal bath transferred from the plating tank to the dross removing tank is regulated to a range of from 1 to 10 
m 3 /h. 

[0385] The fourth embodiment is an apparatus for hot-dip galvanizing, on conducting hot-dip galvanizing continu- 
55 ously to a steel strip, which was traveled through a snout, and which is guided by a roll under the bath, in a plating vessel 
which contains a molten metal by immersing the steel strip therein, which apparatus is characterized in that the plating 
vessel is divided into the dross removing tank and the plating tank, which dross removing tank removes the dross from 
the molten metal and dissolves a solid phase metal for plating, and which plating tank is placed in the dross removing 
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tank and conducts the hot-dip galvanizing to the steel strip, that a mechanical pump is located to transfer the molten 
metal bath from the plating tank to the dross removing tank, that the first connection which connects the plating tank 
with the dross removing tank to transfer the molten zinc bath using the flow accompanied with the traveling steel strip 
is located on a side wall of the plating tank facing the surface of the steel strip being taken up from the plating tank, and 
5 that the second connection which connects the plating tank with the dross removing tank for recycling the molten metal 
bath from the dross removing tank to the plating tank is located on a side wall of the plating tank in lateral direction to 
the steel strip being taken up from the plating tank. 

[0386] The fifth embodiment is the apparatus for hot-dip galvanizing described in the fourth embodiment, which 
apparatus is characterized in that the suction opening of the mechanical pump is positioned in the plating tank opposite 
10 to the first connection placing the roll under the bath in between, and that the discharge opening of the sucked molten 
metal to the dross removing tank is positioned in the dross removing tank opposite to the first connection placing the 
plating tank in between. 

[0387] The sixth embodiment is the apparatus for hot-dip galvanizing described in the fourth embodiment or the fifth 
embodiment, which apparatus is characterized in that the plating tank and the dross removing tank satisfy the relation 

15 of W1 s 10 m 3 and W1 s W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross removing 
tank), and that the distance between the steel strip and the walls of plating tank and between the walls of the plating 
tank and the roll under the bath are regulated to a range of from 200 to 400 mm in a range of from the point of entering 
the steel strip into the plating tank and the point of leaving the steel strip from the roll under the bath. 
[0388] According to the Best Mode 8, the make up of zinc which was carried out by adhesion to the steel strip, or 

20 the dissolving solid phase zinc (ingot), is done in the dross removing tank. Consequently, the variations of temperature 
of the molten metal bath (melt) in the plating tank become less, which prevents the generation of the dross in the plating 
tank. 

[0389] The melt containing dross in the plating tank is transferred by the mechanical pump and through the first 
connection between the plating tank and the dross removing tank, opened on a side wall of the plating tank facing the 
25 surface of the steel strip taken up from the plating tank. As a result, there occurs no problem of quality and operation, 
such as generation of fume and top dross, which are observed in the case of using a gas lift pump. In addition, the use 
of mechanical pump improves unstable transfer of the melt appearing in utilizing the flow accompanied with the 
traveling steel strip, and assures the transfer of melt from a portion of high concentration of dross to the dross removing 
tank at a necessary flow rate. 

30 [0390] That is, in the case that the traveling speed of the steel strip is slow, the generated dross is difficult to be 
removed solely by the flow accompanied with the traveling steel strip. To this point, the mechanical pump forcefully 
transfers the bath containing dross from the plating tank to the dross removing tank through the first connection, thus 
increases the transfer rate of the melt proportional to the generation of the dross, without depending on the traveling 
speed of the steel strip, and without depending on the control of rotational speed of the mechanical pump. 

35 [0391] Since the dross removing tank induces no agitation of the melt caused from the traveling steel strip, the flow 
becomes calm to enhance the sedimentation of the dross. Furthermore, dissolving the ingot in the dross removing tank 
enhances the sedimentation and removal of dross owing to the reduction of local melt temperature and to the changes 
in aluminum concentration. With these two actions, the dross is efficiently and promptly removed in the dross removing 
tank. 

40 [0392] The dross is removed in the dross removing tank. The cleaned melt is preferentially recycled to the plating 
tank through the second connection opened on a side wall of the plating tank lateral to the surface of the steel strip 
being taken up from the plating tank, between the plating tank and the dross removing tank. Since the liquid level of the 
dross removing tank and that of the plating tank are equal, no top dross is generated in the plating tank on recycling the 
melt. 

45 [0393] When the second connection is located at upper portion as far as possible to recycle the supernatant after 
removed the dross in the dross removing tank, the supernatant bath in the vicinity of the bath surface which has higher 
cleanliness can be recycled to the plating tank. In this case, if the melt is introduced to a portion between the steel strip 
and the sink roll from the lateral direction to the steel strip surface, the efficiency of the melt circulation in the plating 
tank is improved. To establish the above-described flow, the first connection is preferably located on a side wall of the 

so plating tank facing the surface of the steel strip being taken up from the plating tank, and the second connection is pref- 
erably located on a side wall of the plating tank in lateral direction to the surface of the steel strip being taken up from 
the plating tank. 

[0394] When the suction opening of the mechanical pump for the melt in the plating tank is positioned in the plating 
tank opposite to the first connection placing the roll under the bath in between, and the discharge opening of the sucked 
55 melt to the dross removing tank is positioned in the dross removing tank opposite to the first connection placing the plat- 
ing tank in between, and when the mechanical pump is operated to discharge the melt from the plating tank to the dross 
removing tank, the circulation efficiency of the melt further improves. 

[0395] The apparatus is a simple one only dividing the plating vessel into the plating tank and the dross removing 
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tank. Accordingly, the apparatus is fabricated at a low investment cost, and solves several problems such as the invest- 
ment cost problem accompanied with melt transfer to a distant tank, and the problems of solidification and leak of melt. 
[0396] Ranging from the point of entering the steel strip into the plating tank to the point of leaving the steel strip 
from the roll under the bath, the distance between the steel strip and the walls of the plating tank and the distance 
5 between the steel strip and the roll under the bath are kept to a specified range (200 to 400 mm). Thus the steel strip is 
prevented from contacting the tank walls. In addition, the melt is transferred by the mechanical pump and by the flow 
accompanied with the traveling steel strip, thus the dross deposition in the plating tank can be prevented, and the 
defects caused from dross is prevented. 

[0397] In a range of from the point of entering the steel strip into the plating tank to the point of leaving the steel 
10 strip from the roll under the bath, if the distance between the steel strip S and the walls of the plating tank 71 1 , (L1 and 
L2 in Fig. 42) becomes less than 200 mm, and if the distance between the walls of the plating tank and the roll under 
the bath, (L3 in Fig. 42, L4 in Fig. 41 ) becomes less than 200 mm, the steel strip S may contact the walls of the plating 
tank 71 1 during travel of the steel strip S or on operational trouble, which may result in the generation of flaws, gener- 
ation of fracture of strip at welded portion, or generation of irregular temperature distribution in the plating tank 71 1 . If 
. 15 the distance exceeds 400 mm, a part of the plating tank 711 likely induces dross deposition. Therefore, the above- 
defined distance is preferably in a range of from 200 and 400 mm. 

[0398] It is further preferable that the apparatus adopts the plating tank and the dross removing tank which satisfy 
the conditions of W1 s 10 m 3 and W1 s W2, (W1 is the capacity of the plating tank, and W2 is the capacity of the dross 
removing tank), and that the operation is conducted under the condition of 1 to 10 m 3 /h of the flow rate of the molten 
20 metal bath transferred from the plating tank to the dross removing tank. In that state, the dross deposition at stagnant 
melt portion in the plating tank is prevented, and the once-generated dross is efficiently removed in the dross removing 
tank. 

[0399] The Best Mode 8 is described in detail referring to Figs. 41 through 43. Fig. 41 shows the hot-dip galvanizing 
apparatus according to the Best Mode 8, illustrating the arrangement of main components looking down from the upper 

25 edge of the plating vessel. Fig. 42 is the cross sectional view along A-A line of Fig. 41. Fig. 43 is the cross sectional 
view along B-B line of Fig. 41. In these figures, the reference number 701 is the snout, 702 is the sink roll (roll under the 
bath), 703 is the molten metal bath (melt), and 704 is the plating vessel. The plating vessel 704 is provided with the roll 
under the bath 702, and the plating vessel 704 is divided into the plating tank 71 1 in which the steel strip S is plated, 
and the dross removing tank 712 which is located beneath the plating tank 71 1 and which sediments and removes the 

30 dross and dissolves the ingot 71 4. 

[0400] The reference number 71 3 is the first opening (the first connection) located on the plating tank 71 1 . The first 
opening is positioned on a side wall of the plating tank 71 1 facing the surface of the steel strip being taken up from the 
plating tank 71 1 . The first connection connects the plating tank 71 1 with the dross removing tank 

712. The reference number 717 is the second opening (the second connection) located on the plating tank 711. 

35 The second opening is positioned on a side wall of the plating tank 71 1 in lateral direction to the surface of the steel 
strip being taken up from the plating tank 711. The second connection connects the plating tank 711 with the dross 
removing tank 712. The reference number 705 is the mechanical pump that sucks the melt 703 of the plating tank 71 1 
from the third opening 719 located at bottom of the plating tank 711 opposite to the first opening 713 placing the roll 
under the bath 702 in between, and discharges the sucked melt 703 to the dross removing tank 712 from the discharge 

40 opening 718 located at opposite side to the first opening 713 placing the plating tank 71 1 in between. 

[0401] Fig. 44 shows several shapes of the openings. Fig. 44(a) is the cross sectional view along C-C line of Fig. 
41 illustrating the first opening 71 3. Fig. 44(b) is the cross sectional view along D-D line of Fig. 41 illustrating the second 
opening 717. Fig. 44(c) is the cross sectional view along A-A line of Fig. 42 illustrating the third opening 719. Both the 
first o pening 713 and the second opening 717 are located to form respective flow passages in the vicinity of the bath 

45 surface including the bath surface. 

[0402] The steel strip S travels in the arrow direction, and is immersed in the plating tank 711 via the snout 701. 
After changed the traveling direction by the sink roll 702, the steel strip S is taken up from the melt 703. After being 
adjusted the coating weight in a coating weight controller (not shown), the steel strip S is cooled and subjected to a 
specified post-treatment to become a plated steel strip. 

so [0403] The melt 703 containing dross in the plating tank 711 is transferred from the opening 719 to the dross 
removing tank 712 via the discharge opening 718 using the mechanical pump 705. The melt 703 also flows from the 
first opening 71 3 to the dross removing tank 712 by the flow accompanied with the traveling steel strip S. The dross is 
sedimented and removed in the dross removing tank 712, while the melt 703 is recycled to the plating tank 71 1 via the 
second opening 717. The circulation flow rate of the melt 703 between the plating tank 71 1 and the dross removing tank 

55 712 is the sum of the flow rate of discharge coming from the first opening 713 induced by the flow accompanied with 
the traveling steel strip S and the flow rate of discharge coming from the mechanical pump 705. 
[0404] The dross removing tank 71 2 is provided with a pair of heating devices (induction heating devices) 71 5, 71 6. 
According to the apparatus, the plating tank 711 does not have a heating device. The temperature control of the melt in 
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the plating tank 71 1 is done by the heating devices 715, 716 located in the dross removing tank 712 and by the adjust- 
ment of temperature of the traveling steel strip because the melt temperature of the plating tank 71 1 is determined by 
the heat of melt 703 recycled from the dross removing tank 712 and by the temperature of steel strip S entering the plat- 
ing tank 71 1 . 

5 [0405] When the ingot 714 is charged into the dross removing tank 712, the temperature of melt flowing into the 
plating tank 71 1 through the opening 717 is controlled to a specified level by adequately functioning the heating devices 
715, 716. 

[0406] For prompt temperature adjustment in the plating tank 71 1 , the plating tank 71 1 is preferably fabricated by 
a material of high heat conductivity and high corrosion resistance, such as SUS416L, not by ceramics materials. Use 
10 of metallic material for the plating tank 71 1 is advantageous also in mounting/dismounting the plating tank 71 1 to/from 
the plating vessel 704. 

[0407] Since the ingot 714 is not dissolved in the plating tank 71 1 , the temperature variations of the melt 703 in the 
plating tank 71 1 become minimum. Since the temperature control of the melt 703 in the plating tank 71 1 is done by the 
heating devices 71 5, 71 6 of the dross removing tank 71 1 , the hot melt 703 ejected from the heating devices 71 5, 71 6 
15 does not contact the steel strip S. As a result, the elution of iron from the steel strip S is suppressed, and the generation 
of dross in the plating tank 71 1 is reduced. 

[0408] The melt 703 containing dross in the plating tank 71 1 is sucked by the ceramics mechanical pump 705 
located in the plating vessel 704 from the third opening 719, and is transferred to the dross removing tank 712 via the 
discharge opening 718. Also the melt 703 in the plating tank 71 1 is transferred to the dross removing tank 712 via the 

20 first opening which forms a flow passage in the vicinity of the bath surface including the bath surface, as shown in Fig. 
44(a). Since the plating tank 71 1 and the dross removing tank 712 are adjacent to each other, the transfer distance of 
the melt 703 is short, thus the problems of solidification and leak of the melt 703 during transfer is substantially solved. 
[0409] If the traveling speed of the steel strip is slow, the mechanical pump 705 may forcefully suck the melt 703 in 
the plating tank 711 via the third opening 719 to transfer the melt 703 to the dross removing tank 712. In the case of 

25 slow travel speed of the steel strip, the flow accompanied with the traveling steel strip S may transfer the melt 703 to the 
dross removing tank 71 2 via the first opening 71 3 on the plating tank 71 1 at necessary flow rate without fail. 
[0410] The mechanical pump means a pump such as a volute pump (centrifugal pump), a turbine pump, and a dis- 
placement pump, which transfers melt directly contacting the melt to working parts of the pump. The mechanical pump 
described here does not include a gas lift pump. 

30 [0411] The dross removing tank 712 performs the dissolution of the ingot 714 and the sedimentation and removal 
of the bottom dross 708. In the dross removing tank 712, the flow of melt 703 is uniformized. Adding to the action, the 
local melt temperature reduction and the aluminum concentration changes accompanied with the ingot dissolving are 
increased, and the sedimentation and removal of dross are enhanced, thus increasing the efficiency of sedimentation 
and removal of the dross. 

35 [0412] For efficient sedimentation and removal of the bottom dross 708, the dross removing tank 71 2 may be pro- 
vided with a separation plate to uniform ize the flow of melt 703, at need. 

[0413] As seen in Fig. 44(b), a side wall of the plating tank 71 1 is provided with the second opening 717 to form a 
flow passage in the vicinity of the bath surface including the bath surface. The dissolved ingot melt is mixed to the flow, 
and the supernatant bath in the vicinity of the bath surface having high cleanliness after sedimented and removed the 
40 dross preferentially flows through the second opening 717 and returns to the plating tank 71 1 . Since the melt 703 flows 
with very little flow resistance, there appears very little difference in the level of melt 703 between the plating tank 71 1 
and the dross removing tank 712. As a result, when the melt 703 returns to the plating tank 71 1 , no top dross is gener- 
ated. 

[041 4] S ince the clea n melt 703 after removed the dross returns to the platin g tank 711 , and since the q uantity of 

45 dross generated in the plating tank 711 is small, the effect of preventing the dross deposition in the plating tank 711 
becomes excellent. 

[0415] In a range of from the point of entering the steel strip into the plating tank to the point of leaving the steel 
strip from the roll under the bath, if the distance between the steel strip S and the walls of the plating tank 71 1 , (L1 and 
12 in Fig. 42) becomes less than 200 mm, and if the distance between the walls of the plating tank and the roll under 

50 the bath, (L3 in Fig. 42, L4 in Fig. 41 ) becomes less than 200 mm, the steel strip S may contact the walls of the plating 
tank 71 1 during travel of the steel strip S or on operational trouble, which may result in the generation of flaws, gener- 
ation of fracture of strip at welded portion, or generation of irregular temperature distribution in the plating tank 71 1 . If 
the distance exceeds 400 mm, a part of the plating tank 711 likely induces dross deposition. Therefore, the above- 
defined distance is preferably in a range of from 200 and 400 mm. 

55 [041 6] According to the apparatus of Figs. 41 through 43, the side walls of the plating tank 71 1 having the first open- 
ing 713 and the second opening 717 are vertically positioned. These side walls may be, however not necessarily in ver- 
tical position. In that case, it is preferable that the distance between the steel strip S and the walls of the plating tank 
71 1 and the distance between the walls of the plating tank 71 1 and the roll under the bath 702 are kept to a range of 
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from 200 to 400 mm during the period between the point of entering the steel strip S into the plating tank 71 1 and the 
point of leaving the steel strip S from the roll under the bath 702. However, after the steel strip S left from the roll under 
the bath 702, the distance may exceed the above-specified range. The distance between the side walls of the plating 
tank 711 and the side walls of the plating vessel 704 is preferably not less than 100 mm. 

5 [0417] With the apparatus of Fig. 41 , the inventors of the present invention studied the generation of quality defects 
caused from the adhesion of dross to the steel strip traveling through the plating tank 71 1 under the conditions of: the 
distance between the walls of the plating tank 71 1 and the steel strip S and the distance between the walls of the plating 
tank 71 1 and the roll under the bath 702, (L1 through L4), being 200 to 400 mm; the traveling speed of the steel strip S 
being 120 m/min; while varying the capacity of the tank and the circulation flow rate. The result is shown in Figs. 45 

10 through 47. 

[0418] Fig. 45 shows the generation of quality defects caused from the adhesion of dross to the steel strip S under 
the conditions of 20 m 3 in the capacity of dross removing tank 712, of 5 m 3 /h in the circulation flow rate, while varying 
the capacity of the plating tank 71 1 . The surface state of the steel strip S after the plating was visually observed to iden- 
tify the generation of quality defects caused from the dross adhesion, five grade evaluation (indexes 1 through 5) were 
15 given responding to the degree of dross adherence. Index 1 is the best, which is the quality level currently requested 
for the high quality hot-dip galvanized steel strip. 

[0419] When the capacity of the plating tank 71 1 is not more than 10 m 3 , the index is 1 , which is a favorable level. 
When, however, the capacity exceeds 10 m 3 the index number increases and the quality degrades because the 
increased capacity of the plating tank 71 1 induces generation of stagnant flow portion, where the bottom dross 708 
20 deposits. To prevent the deposition of bottom dross 708 in the plating tank 71 1 , it is effective to decrease the capacity 
of the plating tank 711. When the capacity of the plating tank 711 is brought to not more than 10 m 3 , the currently 
requested high quality hot-dip galvanized steel strip can be produced. 

[0420] The inventors studied the generation of quality defects caused from the adhesion of dross to the steel strip 
S by plating thereon under the conditions of 5 m 3 /h of circulation flow rate while changing the capacity of the dross 
25 removing tank 712. Since the size of the dross removing tank 712 is influenced by the capacity (W1) of the plating tank 
711, a parameter (W1/W2), or the capacity (W1) of the plating tank 711 divided by the capacity (W2) of the dross 
removing tank 712, was used to rearrange the state of generation of quality defects caused from the adhesion of dross 
to the steel strip S. The result is shown in Fig. 46. 

[0421] In a zone that W1/W2 is not more than 1.0, the index is 1 giving favorable quality. If, however, W1/W2 
30 exceeds 1 .0, the index number increases to degrade the quality. By regulating the value of W1/W2 to not more than 1 .0, 
the currently requested high quality hot-dip galvanized steel strip is produced. 

[0422] The inventors studied the generation of quality defects caused from the adhesion of dross to the steel strip 
S by plating thereon under the conditions of 5 m 3 and 20 m 3 of the capacity of the plating tank 71 1 and the dross remov- 
ing tank 712, respectively, while changing the circulation flow rate. The result is shown in Fig. 47. 

35 [0423] When the circulation flow rate is high, the defects occurred presumably caused from the insufficient sedi- 
mentation and removal of dross in the dross removing tank 712 to allow the inflow of dross in the plating tank 71 1 . In 
the dross removing tank 712, it is important to secure a retention time not less than the dross sedimentation time con- 
sidering the concerned dross sedimentation time. The above-described defects diminish with the reduction of circula- 
tion flow rate. When the circulation flow rate becomes 10 m 3 /h or less, the products having no quality problem can be 

40 produced. However, when the circulation flow rate further reduced to below 1 m 3 /h, the dross is not discharged from the 
plating tank 71 1 to the dross removing tank 712, and remains in the plating tank 71 1 . Thus, the index number increases 
to degrade the quality. To produce a high quality hot-dip galvanized steel strip, the circulation flow rate is required to set 
between 1 and 10 m 3 /h. 

[0424] In creased travel speed of the steel strip increases the flow rate at the first opening 713. Accordingly, the cir- 



45 culation flow rate of the mechanical pump 705 is preferably set to a low level. At speeds of steel strip of 120 m/min or 
more, 6 m 3 /h of the flow rate at the mechanical pump 705 is sufficient. If the flow rate at the mechanical pump 705 is 
excessively high, the dross sedimentation and removal become insufficient, as described before, the dross again enters 
the plating tank 712 through the second opening 717, which degrades the quality. 

[0425] According to the apparatus of Figs. 41 through 43, the melt 703 is transferred from the plating tank 71 1 to 
so the dross removing tank 712 via the second opening 717 facing the steel strip S, thus establishing a melt transfer with 
a good circulation efficiency. Therefore, the first opening 713 and the second opening 717 may be in a continuous con- 
figuration, or the first connection and the second connection may be in continuous configuration. 
[0426] In the case that, as in the apparatus shown in Figs. 41 through 43, the suction opening (third opening) 713 
of the mechanical pump 705 is positioned in the plating tank opposite to the first opening 713 placing the roll under the 
55 bath 702 in between, and that the discharge opening of the sucked melt 703 to the dross removing tank 712 is posi- 
tioned to the dross removing tank 71 2 opposite to the first opening 71 3 placing the plating tank 71 1 in between, the cir- 
culation efficiency of the melt 703 becomes more favorable state. Thus, a connection portion between the plating tank 
71 1 and the dross removing tank 712 may be located so as the upper edge of the plating tank 71 1 to come below the 
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surface level of the melt 703, other than the above-described openings 713, 717, or the connection portion therebe- 
tween being positioned over the whole length of the periphery of upper edge of the side walls of the plating tank 71 1. 
[0427] The apparatus of Figs. 41 through 43 located the mechanical pump 705 to near the bottom of the plating 
tank 71 1 . The mechanical pump 705 may be positioned at near the bath surface. Fig. 48 shows an example of the plat- 
5 ing apparatus placing the mechanical pump at near the bath surface, illustrating the plating tank 71 1 and only the main 
facilities therearound. Fig. 48(a) shows the front view of the plating tank 711 viewed from the mechanical pump side. 
Fig. 48(b) shows the cross sectional view along A-A line of Fig. 48(a). 

[0428] In Fig. 48, the reference number 719 is the third opening located on the plating tank 711, 705a is the 
mechanical pump, and 731 is the pump chamber holding the mechanical pump 705a. The melt discharged from the 

10 mechanical pump 705a can be sent to the dross removing tank 712 through the discharge pipe connected to the side 
wall 713a of the pump chamber 731 without exposing the flow passage to the bath surface. The seal member 733 is 
detachably mounted to the side wall 731a of the pump chamber 731. The side wall 731a is provided with a U-shape 
groove, and the seal member 733 is provided with an inverse-U-shape groove. The bottom of the groove of the side wail 
731 a and the top of the seal member 733 have respectively half-circular shape, which radius is almost equal to the outer 

15 diameter (radius) of the discharge pipe 730. 

[0429] For installing the mechanical pump 705a to the pump chamber 731 , the mechanical pump 705a is placed so 
as the discharge pipe 703 of the mechanical pump 705a to contact the bottom of the groove of the side wall 703a, and 
the seal member 733 is attached to the side wall 731a so as the top of the groove of the seal member 733 to contact 
the discharge pipe 730, thus sealing the outer periphery of the discharge pipe 730. 

20 [0430] The melt 703 of the plating tank 71 1 sucked from the opening 71 9 is sent to the pump chamber 731 via the 
conduit 732, then is discharged to the dross removing tank 712 by the mechanical pump 705a via the discharge pipe 
730. To take out the mechanical pump 705a from the pump chamber 731 , the seal member 733 is detached from the 
side wall 731a, then the mechanical pump 705a is brought out from the pump chamber 731 . According to the appara- 
tus, the mechanical pump 705a is readily replaced. 

25 

Example 

[0431] The Example used the apparatus shown in Fig. 41 . The plating vessel 704 had 2.5 meters in depth. The plat- 
ing tank 71 1 had 10 m 3 in capacity, and the dross removing tank 712 had 30 m 3 in capacity. The distance between the 

30 walls of the plating tank 71 1 and the steel strip S, and the distance between the walls of the plating tank 711 and the 
roll under the bath 702 were set to L1=30 mm, L2=250 mm, L3=300 mm, and L4= 200 mm. The plating tank 711 was 
fabricated by welding steel plates (SUS 31 6L) having thicknesses of from 6 to 15 mm. The dross sedimentation speed 
which raises problem in ordinary hot-dip galvanizing is around 1 meter per hour. Since the depth of the plating vessel 
704 was 2.5 meters, the dross removing tank 712 required 2.5 hours or longer retention time. If the circulation flow rate 

35 is not more than 12 m 3 /h, the retention time exceeds 2.5 hours, which expects the dross removal effect. On the other 
hand, if the circulation flow rate becomes below 1 m 3 /h, the dross remains in the plating tank 71 1 to cause the genera- 
tion of quality defects. Considering the above-described conditions, the circulation flow rate was selected to 3 m 3 /h. 
[0432] The above-described apparatus was applied to hot-dip galvanizing to a steel strip. The generation of dross 
defects on the plated steel strip became zero, compared with around 2% of defect generation in conventional produc- 

40 tion line. Thus, the problem of dross adherence was completely solved. 

[0433] According to the Best Mode 8, the amount of dross generated during the hot-dip galvanizing on steel strip is 
reduced, the once-generated dross is prevented from deposition in the plating tank, and the dross is efficiently removed 
in the dross removing tank placed below the plating tank, thus the quality defects caused from the adhesion of dross to 
steel strip are reduce d. Accordin g to the present invention , high q uality hot-di p g alvanized steel strip can be produced. 

45 [0434] The apparatus of the Best Mode 8 is a simple one only dividing the plating vessel into the plating tank and 
the dross removing tank beneath the plating tank. Accordingly, the apparatus is fabricated at a low investment cost, and 
solves several problems such as the investment cost problem accompanied with melt transfer to a distant tank, and the 
problems of solidification and leak of melt. 

[0435] Since the melt flows with very little flow resistance, there appears very little difference in the level of melt 
so between the plating tank and the dross removing tank. As a result, when the melt returns to the plating tank, no top 
dross is generated. In addition, the dross in the plating tank is transferred to the dross removing tank without fail even 
when the line speed is high or low, thus there occurs no problem of dross sedimentation in the plating tank. 
[0436] According to the apparatus of the Best Mode 8, the necessary zone for sedimenting and removing the dross 
is narrow, thus the total plating vessel is designed in small size. As a result, an existing apparatus may be modified to 
55 readily conduct the present invention. 
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Claims 

1. A method for hot-dip galvanizing, comprising the steps of: 

5 dividing a plating vessel which holds a molten metal into a plating tank located at upper portion thereof and a 

dross removing tank located beneath the plating tank; 

conducting hot-dip galvanizing by immersing a steel strip in a molten metal bath in the plating tank; 
transferring the molten metal bath from the plating tank to the dross removing tank; 
removing dross from the molten metal bath in the dross removing tank; and 
10 recycling the molten metal bath from the dross removing tank to the plating tank through an opening on the 

plating tank. 

2. The method of claim 1 , wherein the step of transferring the molten metal bath to the dross removing tank comprises 
the transferring the molten metal bath from the plating tank to the dross removing tank using a mechanical pump. 

15 

3. The method of claim 1, further comprising the step of dissolving a solid phase metal, which is used for plating, in 
the dross removing tank. 

4. The method of claim 1 , wherein the step of transferring the molten metal bath to the dross removing tank comprises 
20 transferring the molten metal bath from the plating tank to the dross removing tank by sucking up the molten metal 

bath at bottom center portion of the plating tank. 

5. The method of claim 1 , wherein the step of recycling the molten metal bath to the plating tank comprises recycling 
the molten metal bath containing a supernatant after removed the dross to the plating tank through an opening of 

25 the plating tank. 

6. The method of claim 1 , wherein the step of recycling the molten metal bath to the plating tank comprises recycling 
the molten metal bath from the dross removing tank to the plating tank through a side wall of the plating tank, which 
side wall is located at exit side of the steel strip and has a height lower than the surface level of the molten metal 

30 bath. 

7. The method of claim 1 , wherein 

the plating tank and the dross removing tank satisfy the relation of W1 s 10 m 3 and W1 s W2, wherein W1 is 
35 the capacity of the plating tank and W2 is the capacity of the dross removing tank; and 

the flow rate of molten metal bath being transferred from the plating tank to the dross removing tank is in a 
range of from 1 to 10 m 3 /hour. 

8. The method of claim 1 , wherein the step of conducting the hot-dip galvanizing is performed in an arrangement that 
40 side walls and a bottom wall are arranged so as the distances between the steel strip and the side wall of the plating 

tank and between the steel strip and the bottom wall of the plating tank are in a range of from 200 to 500 mm. 

9. An apparatus for hot-dip galvanizing comprising: 



45 a plating vessel which holds a molten metal; 

a plating tank which is located at upper portion of the plating vessel and which conducts the hot-dip galvanizing 
by immersing a steel strip thereinto; 

a dross removing tank which is located at lower portion of the plating vessel and which removes dross from the 
molten metal; 

so a transfer means which transfers a molten metal bath in the plating tank to the dross removing tank; and 

an opening positioned on the plating tank to recycle the molten metal bath from the dross removing tank to the 
plating tank. 

10. The apparatus of claim 9, wherein the transfer means is a mechanical pump. 

55 

11. The apparatus of claim 9, wherein the transfer means is a mechanical pump, and a suction opening of the mechan- 
ical pump to suck the molten metal is positioned at bottom center portion of the plating tank. 
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12. The apparatus of claim 9, further comprising a dissolving means to dissolve a solid phase metal, which is used for 
plating, in the dross removing tank. 

13. The apparatus of claim 9, wherein the opening is positioned so as a supernatant bath after removed the dross in 
5 the dross removing tank to recycle to the plating tank. 

14. The apparatus of claim 9, wherein the plating tank has a side wall which is located at exit side of the steel strip and 
which has a height lower than the surface level of the molten metal bath, and the molten metal bath is recycled from 
the dross removing tank to the plating tank through the side wall. 

10 

15. The apparatus of claim 9, wherein 

the plating tank and the dross removing tank satisfy the relation of W1 s 10 m 3 and W1 s W2. wherein W1 is 
the capacity of the plating tank, and W2 is the capacity of the dross removing tank; and 
15 the mechanical pump is able to transfer the molten metal bath at a flow rate in a range of from 1 to 1 0 m 3 /hour. 

16. The apparatus of claim 9, wherein the plating tank has side walls and a bottom wall, and these walls are allotted so 
as the distances between the steel strip and the side walls of the plating tank and between the steel strip and the 
bottom wall of the plating tank are in a range of from 200 to 500 mm. 

20 

17. The apparatus of claim 9, wherein the plating tank has a pipe to fix the bottom portion, through which pipe the drain- 
ing is conducted. 

18. A method for hot-dip galvanizing, comprising the steps of: 

25 

locating a separation wall inside of a plating tank which holds a molten metal to divide the plating tank into a 
plating zone where a steel strip is subjected to hot-dip plating, and a dross removing zone where dross in a 
molten metal bath is removed; 
plating the steel strip in the plating zone; 
30 transferring the molten metal bath in the plating zone to the dross removing zone; 

removing the dross from the molten metal bath in the dross removing zone; and 

recycling a supernatant bath after removed the dross in the dross removing zone by locating a weir on the sep- 
aration wall. 

35 19. The method of claim 18, wherein the step of transferring the molten metal bath to the dross removing zone com- 
prises the transferring the molten metal bath from the plating zone to the dross removing zone using a mechanical 
pump. 

20. The method of claim 18, further comprising a heating device in the dross removing zone to conduct heating control 
ao so that the temperature of the molten metal bath in the plating zone becomes a predetermined level. 

21. The method of claim 18, wherein the plating zone has a molten metal bath capacity of W1 , and the dross removing 
zone has a molten metal bath capacity of W2, and W1/W2 is in a range of from 0.2 to 5. 



45 22. A method for hot-dip galvanizing, comprising the steps of: 

arranging a separation wall inside of a plating tank which holds a molten metal to divide the plating tank into a 
plating zone where a steel strip is subjected to hot-dip plating, a first dross removing zone and a second dross 
removing zone, where a dross in a molten metal bath is removed in the first dross removing zone and the see- 
so ond dross removing zone; 

mounting a first mechanical pump to transfer the molten metal bath from the plating zone to the first dross 
removing zone and locating a weir to recycle the molten metal bath to the plating zone; 
mounting a second mechanical pump to transfer the molten metal bath from the plating zone to the second 
dross removing zone and locating a weir to recycle the molten metal bath to the plating zone; 
55 plating the steel strip in the plating zone; 

removing the dross by transferring the molten metal bath from the plating zone to the first dross removing zone 
using the first mechanical pump; and 

discharging the dross deposited in the second dross removing zone to outside the plating tank by stopping the 
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mechanical pump in the second dross removing zone. 

23. An apparatus for hot-dip galvanizing, comprising: 

5 a plating tank which holds a molten metal; 

a separation wall located in the plating tank to divide the plating tank into a plating zone where a steel strip is 
subjected to hot-dip plating, and a dross removing zone where dross from a molten metal bath is removed; 
a mechanical pump which transfers the molten metal bath from the plating zone to the dross removing zone; 
and 

10 a weir located to the separation wall to transfer a supernatant bath of the molten metal bath after removed the 

dross in the dross removing zone to the plating zone. 

24. The apparatus of claim 23, further comprising a heating device which is located in the dross removing zone and 
controls the temperature of molten metal bath by heating thereof. 

25. The apparatus of claim 23, wherein the plating zone has a molten metal bath capacity of W1 , and the dross remov- 
ing zone has a molten metal bath capacity of W2, and W1/W2 is in a range of from 0.2 to 5. 

26. An apparatus for hot-dip galvanizing, comprising: 

20 

a plating tank which holds a molten metal; 

a separation wall located in the plating tank to divide the plating tank into a plating zone where a steel strip is 
subjected to hot-dip plating, and a dross removing zone where dross in the molten metal bath is removed; 
the dross removing zone comprising a first dross removing zone and a second dross removing zone; 
25 a first mechanical pump which transfers the molten metal bath from the plating zone to the first dross removing 

zone; 

a second mechanical pump which transfers the molten metal bath from the plating zone to the second dross 
removing zone; 

a first weir located to the separation wall to transfer a supernatant bath of the molten metal bath after removed 
30 the dross in the first dross removing zone to the plating zone; and 

a second weir located to the separation plate to transfer a supernatant bath of the molten metal bath after 
removed the dross in the second dross removing zone to the plating zone. 



27. A method for hot-dip galvanizing, comprising the steps of: 

35 

arranging a separation wall inside of a plating tank which holds a molten metal to divide the plating tank into a 
plating zone where a steel strip is subjected to hot-dip plating, and a dross removing zone where dross in a 
molten metal bath is removed; 

continuously plating the steel strip in the plating zone using a sink roll; 
40 transferring the molten metal bath above the sink roll in the plating zone to the dross removing zone using a 

mechanical pump; 

removing the dross from the molten metal bath in the dross removing zone; and 

recycling a supernatant bath after removed the dross in the dross removing zone to the plating zone via a weir 
located on the separation wall. 



45 



28. The method of claim 27, further comprising the step of arranging a heating device in the dross removing zone to 
conduct heating control so that the temperature of the molten metal bath in the plating zone becomes a predeter- 
mined level. 



so 29. The method of claim 27, wherein the plating zone has a molten metal bath capacity of W1 , and the dross removing 
zone has a molten metal bath capacity of W2, and W1 /W2 is in a range of from 0.2 to 5. 

30. An apparatus for hot-dip galvanizing comprising: 

55 a plating tank which holds a molten metal; 

a sink roll which makes a steel strip immerse in and travel through the molten metal; 

a separation wall located in the plating tank to divide the plating tank into a plating zone where the steel strip 
is subjected to hot-dip plating, and a dross removing zone where dross in the molten metal bath is removed; 
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a mechanical pump which transfers the molten metal bath above a sink roll in the plating zone to the dross 
removing zone; and 

a weir located on the separation wall to transfer a supernatant bath of the molten metal bath after removed the 
dross in the dross removing zone to the plating zone. 

5 

31. The apparatus of claim 30, further comprising a heating device which is located in the dross removing zone to con- 
trol the temperature of the molten metal bath by heating thereof. 

32. The apparatus of claim 30, wherein the plating zone has a molten metal bath capacity of W1 , and the dross remov- 
w ing zone has a molten metal bath capacity of W2, and W1/W2 is in a range of from 0.2 to 5. 

33. A method for hot-dip galvanizing comprising the steps of: 

locating a sink roll which guides a steel strip traveled through a snout into a plating vessel which holds a molten 
is metal; 

separating the plating vessel into a plating zone and a dross removing zone by locating a plating tank so as to 
cover the sink roll, and by locating a shielding member to shield a gap formed between a lower portion of the 
snout beneath the steel strip and an upper portion of the plating tank; 
conducting hot-dip galvanizing by immersing the steel strip in the plating zone; 
20 removing dross from a molten metal bath in the plating zone by discharging the molten metal bath from the 

plating zone to the dross removing zone using a mechanical pump; and 
recycling the molten metal bath from the dross removing zone to the plating zone. 

34. The method of claim 33, wherein the plating tank is located so that the upper end of the plating tank becomes 
25 higher than the level of a rotary shaft of the sink roll. 

35. An apparatus for hot-dip galvanizing, comprising: 

a snout through which a steel strip travels; 
30 a plating vessel which holds a molten metal, which plating vessel has a sink roll to guide the steel strip traveled 

through the snout; 

a plating zone to conduct hot-dip galvanizing by immersing the steel strip thereinto and a dross removing zone 
to remove dross from a molten metal bath, which zones are formed by locating a shielding member to shield a 
gap formed between a lower portion of the snout beneath the steel strip and an upper portion of a side wall of 
35 the plating tank; and 

a mechanical pump to discharge the molten metal bath from the plating zone to the dross removing zone and 
also to recycle the molten metal bath from the dross removing zone to the plating zone. 

36. The apparatus of claim 35, wherein the plating tank is located so as the upper end of the plating tank to become 
40 higher than the level of a rotary shaft of the sink roll. 

37. An apparatus for hot-dip galvanizing, comprising: 

a_plating_bath tank_which holds a hot-dip_galyanizing bath containing aluminum at contents of 0.05 wt.% or 

45 more; 

a snout through which a steel strip immersed in the plating bath tank travels; 

a plating tank which conducts plating and a dross removing tank which separates dross by sedimenting the 

dross, both of which tanks are formed by locating a separation wall in the plating bath tank; 

a snout cleaning device to connect the plating tank and the dross removing tank at directly below the snout and 

so at a part of exit of the steel strip so as a connecting passage to have 0.1 meter or more hydraulic diameter 

defined by a formula given below and so as the bath levels of both tanks to become equal to each other, to suck 
the plating bath in the snout by a pump from both longitudinal edges of the snout to discharge the sucked bath 
to a portion where no steel strip travels, thus cleaning the plating bath surface in the snout, and to circulate the 
plating bath between the plating tank and the dross removing tank; wherein the hydraulic diameter is defined 

55 as 

Hydraulic diameter = {(Cross sectional area of flow passage)/ (Wet length of flow passage)} x 4 
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38. The apparatus of claim 37, wherein the capacity of the plating tank is 10 m 3 or less and the capacity of the dross 
removing tank is 10 m 3 or more. 



39. A method for hot-dip galvanizing, comprising the steps of: 

5 

locating a separation wall in a plating bath tank which holds a hot-dip galvanizing bath containing aluminum in 
an amount of 0.05 wt.% or more to divide the plating bath tank into a plating tank which conducts plating and 
a dross removing tank which dissolves an ingot and which separates dross by sedimenting thereof; 
connecting the plating tank and the dross removing tank at directly below the snout and at a part of exit of the 
w steel strip so as a connecting passage to have 0.1 meter or more hydraulic diameter defined by a formula given 

below and so as the bath levels of both tanks to become equal to each other, and sucking the plating bath in 
the snout by a pump from both longitudinal edges of the snout to discharge the sucked bath to a portion where 
no steel strip travels, thus cleaning the plating bath surface in the snout and circulating the plating bath 
between the plating tank and the dross removing tank, wherein the hydraulic diameter is defined as 

15 

Hydraulic diameter = {(Cross sectional area of flow passage)/ (Wet length of flow passage)} x 4 

40. The method of claim 39, wherein the capacity of the plating tank is 10 m 3 or less, the capacity of the dross removing 
tank is 1 0 m 3 or more, and the circulation flow rate of the plating bath between the plating tank and the dross remov- 

20 ing tank is from 0.5 to 5 m 3 /hour. 



41. An apparatus for hot-dip galvanizing comprising: 

a molten zinc tank which holds a molten zinc and has a heating means for heating the molten zinc; 
25 a sink roll which is immersed in the molten zinc in the molten zinc tank and around which a steel strip is wound; 

a vessel which holds the sink roll therein and comprises side panels and a bottom panel, while opening the 
upper end thereof; 

whereby hot-dip galvanizing is performed to a continuously fed steel plate in the molten zinc tank. 

30 42. The apparatus of claim 41 , wherein the heating means of the molten zinc tank conducts coreless induction heating. 

43. The apparatus of claim 41 , wherein the vessel keeps gaps of from 200 to 500 mm between the vessel wall and the 
steel strip traveling through the vessel, the sink roll, and jigs to fix the sink roll. 

35 44. The apparatus of claim 41 , further comprising a cover which substantially covers the lower surface of the steel strip 
being immersed in the molten zinc in the molten zinc tank until the steel strip reaches the vessel. 

45. The apparatus of claim 41 , wherein the vessel has a curved face at joints of the side plates and the bottom plate. 

40 46. The apparatus of claim 41 , wherein the vessel has a discharge opening at the bottom thereof to discharge the mol- 
ten zinc, through which discharge opening the molten zinc is forcefully discharged into the molten zinc tank. 

47. A method for hot-dip galvanizing, comprising the steps of: 



45 dividing a plating vessel which holds a molten metal into a dross removing tank and a plating tank which is 

located in the dross removing tank; 

conducting hot-dip galvanizing by immersing a steel strip in a molten metal bath in the plating tank; 
transferring the molten metal bath from the plating tank to the dross removing tank using a mechanical pump 
and using a flow accompanied with the traveling steel strip appeared at a first opening; 
so removing a dross from the molten metal bath in the dross removing tank; and 

recycling the molten metal bath from the dross removing tank to the plating tank via a second opening located 
on the plating tank. 

48. The method of claim 47, wherein the plating tank keeps gaps of from 200 to 500 mm between the walls of plating 
55 tank and the steel strip, and between the walls of plating tank and the sink roll in the bath, and the plating tank and 
the dross removing tank satisfy the relation of W1 s 10 m 3 and W1 s W2, wherein W1 is the capacity of the plating 
tank, and W2 is the capacity of the dross removing tank, and the flow rate of molten metal bath being transferred 
from the plating tank to the dross removing tank is in a range of from 1 to 10 m 3 /hour. 
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49. An apparatus for hot-dip galvanizing comprising: 

a plating vessel which holds a molten metal, wherein the plating vessel comprises a dross removing tank which 
removes dross from the molten metal, and a plating tank which is located in the dross removing tank and which 

5 conducts hot-dip galvanizing to a steel strip; 

a transfer means which transfers a molten metal bath from the plating tank to the dross removing tank; 
a first opening which is located at the plating tank and functions to transfer the molten metal bath from the plat- 
ing tank to the dross removing tank using a flow accompanied with the traveling steel strip; and 
a second opening which is located at the plating tank and which functions to recycle the molten metal bath from 

10 the dross removing tank to the plating tank. 

50. The apparatus of claim 49, wherein the plating tank keeps gaps of from 200 to 500 mm between the walls of plating 
tank and the steel strip, and between the walls of plating tank and the sink roll in the bath, and the plating tank and 
the dross removing tank satisfy the relation of W1 s 1 0 m 3 and W1 s W2, wherein W1 is the capacity of the plating 

15 tank, and W2 is the capacity of the dross removing tank. 
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FIG. 2 
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FIG. 4 
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FIG. 9 
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FIG. 16 




60 





61 



EP 1 070 765 A1 



FIG-18 
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FIG.21(a) 
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FIG. 22 
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FIG. 23(c) 
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FIG. 27 
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FIG. 34(a) 



FIG. 34(b) 



FIG. 34(c) 
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FIG. 40 
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FIG. 44(a) 
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FIG. 46 



CO 

u 

H 
fa 
W 

a 

w 
u 
< 

Cm 

6 

CO 

fa 
o 

w 

W 
Pi 
C9 
H 
Q 



5 
4 

f 

3 
2 
1 



HIGH 
QOALIYTY 



O O 



-o— o 
1 



2.5 



0.5 1 1.5 

PLATING TANK CAPACITY ) 

/ DROSS REMOVING TANK CAPACITY 

( W1/W2 ) 



FIG. 47 



CO 




Eh 




O 




w 




fa 




w 




a 


5 


"w 




o 


4 


«< 




fa 




UR 


3 


CO 




fa 


2 


O 




w 


1 


w 




c; 




O 




ca 




Q 





PLATING TANK : 5 m 

; DROSS REMOVING TANK : 20 m 3 



HIGH QUALIYTY 




2 4 6 8 10 12 

CIRCULATION FLOW RATE ( mVhour ) 



83 




84 



EP 1 070 765 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP99/01664 



A. CLASSIFICATION OF SUBJECT MATTER 



int. CI* C23C2/00 

According to Inte rnational Patent Classification (IPC) or to both national classification and IPC 
R FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* C23C2/00-2/40 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kofcai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 1996-1999 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to dahn No. 


Y 


JP, 57-44169, U (Dainichi-Nippon Cables , Ltd. ) , 
11 March, 1982 (11. 03. 82), 
Page l, left column, lines 2 to 8 ; Fig. 4 
(Family: none) 


1, 2, 9, 10, 
27, 47 


y 


JP, 5-171388, A (Nisshin Steel Co., Ltd.), 
9 July, 1993 (09. 07. 93), 

Page 2, left column, lines 2 to 19 ; Figs. 2 to 4 
(Family: none) 


1, 2, 9, 10, 
27, 33, 34, 
41-45, 47, 48 


Y 


JP, 4-154948, A (Kawasaki Kasei Chemicals Ltd.), 
27 May, 1992 (27. 05. 92), 
Page 2, left column, lines 4 to 18 ; Fig. 1 
(Family: none) 


1, 2, 8, 27, 
47 


Y 


JP, 7-207419, A (Nippon Steel Corp.), 
8 August, 1995 (08. 08. 95), 

Page 1, left column, lines 2 to 15 ; Figs. 1, 2 
( Family : none ) 


1, 2, 4-6, 
9-11, 13, 14, 

18, 19, 23, 
33-36, 41, 42, 
44-47, 49 



[x] Further documents are listed in the continuation of Box C Q See patent family annex. 



Special categories of cited documents: 

defining the general stale of the art which b not 
to be of particular relevance 
"E" earlier document hot pahliahr d on or after the maematiocal fifing dwte 
"L" rfrnrmrni which may throw doobti on priority daimf «) or wfocfa a 
cited tocstabtiih the pa Plication dale of 
special Kaaoa (as specified) 
"O" doctttneaa referring to an oral dtacaoenrc, use. 



T bto doomed pofalrfhrrf after the imcmatiopaJ filing date or priority 
dak: and not in conflict with the application hot died to na ders ta n rt 

me principle or theory underlying the invention 

"X" doccmeax of pxrticuJaT relevance: the claimed mention caaaoi be 
considered novel or cannot be uo c uk t u id to involve 



T* doouxent perries larrelararxx^ 
other coaaadrwd tornvofvean invenrivc step when tbe doctancnt b 

oombioed with am or more other such d 
filing date bat later than being obvious to 1 person drilled in the art 

dooaaaeat m c a aa a of the sa 



Date of the actual compaction of the international search 
8 June, 1999 (08. 06. 99) 


Date of mailing of the international search report 
15 June, 1999 (15. 06. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



85 



EP 1 070 765 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/01664 



C(Coniinuaiion). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication* where appropriate, of the relevant passages 



Relevant to claim No. 



JP f 7-305156, A (Sollac), 

21 November, 1995 (21. 11. 95) 

& US, 5558715, A & EP, 608192, A 



1-50 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



86 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents, submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

/ ETlINES OR MARKS ON ORIGINAL DOCUMENT 
^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



